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SOILS. 



CHAPTEE I. 

GENERAL CONSIDERATIONS ON THE CONSTITUTION OF SOILS. 

1. The soil forms one of the most important of agricultural subjects. 
As it is the medium in which the seed germinates and vegetates, and in 
which the plant grows and becomes matured, its cultivation is the 
great business of the arable farmer. In order to transact this business 
with the utmost economy and profit, we require to know the nature 
and properties of soils, the modes of improving and cultivating them, 
how they are affected by crops, the various circumstances which influ- 
ence their value, and the several means of maintaining their fertility. 
2. The word soil means the earth in which plants grow, and m 
which the ordinary implements of husbandry work. It varies in 
depth from a few inches, " as when it covers tne clay-slate of Down 
and Monaghan," to several feet; and varies in material and character 
from the sands to the clays and the peats. Those who have been 
schooled in elementary chemistry can, to a certain extent, penetrate 
into the secrets of this interesting labyrinth, which, but a few cen- 
turies ago, was considered one of the four elementary or simple 
bodies, fire, air, earth, and water. Underneath the soil lies what, 
by way of distinction, is called the subsoil. It differs from the soil 
generally in color and physical properties, though they contain the 
same mineral ingredients. Another characteristic difference between 
them is, that there is less of the remains of plants and animals, or, in 
other words, less organic matter in the subsoil. Immediately lying 
beneath the subsoil is a ** solid floor" of hard rock, which sometimes 
becomes the subsoil. In some cases the soil and subsoil were 
produced by the gradual wearing away of the underlying rock; 
but, in the great majorit;^ of cases, the layers of soil have been de- 
posited by the seas and rivers of former ages, just as similar deposits 
are at this moment in course of formation at the bottom of our 
oceans, seas, and lakes. 
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3. If you take a portion of soil and thoroughly remove the water 
by drying, then place it over a strong fire on a piece of clean iron, 
you will find it darken in color, and soon the blackened matter 
will disappear altogether, leaving a quantity of matter behind which 
resists the action of the fire. The part that burns away is composed 
of oxygen, hydrogen, nitrogen, and carbon, and forms what is tech- 
nically called the organic portion of the soil, and the incombustible 
portion, or what does not burn, is called the inorganic matter. The rela- 
tive proportions in which these two kinds of matter exist in soils are 
very various ; some, as the poorest sands and the cinnamon soils of 
Ceylon, contain as little as one-half per cent, of organic matter; 
others, as the peaty soils, contain as much as seventy per cent, of 
this kind of matter. *' Oats and rye," says Johnston, " will grow on 
a soil containing only one or one and a-half per cent. ; barley, where 
two or three per cent, are present ; but good wheat soils contain in 
general from four to eight per cent., and, if very stiff and clayey, 
from ten to twelve per cent, of organic matter." 

We may assume five or six per cent, as the average quantity of 
organic matter in fertile soils. In ^ood garden mould it often 
amounts to 20 or 24 per cent, of the weight of the soil, and is seldom 
less than ten or twelve per cent. 

4. It was, until very recently, believed that the fertility of the 
soil depended on the presence of organic matter; but, though a 
certain proportion of it is essential, we find that soils containing only 
two or three per cent, of this kind of matter are more fertile than 
others containing eight or ten per cent, of it. Voelcker found about 
three or three and a-half per cent, of organic matter in the best 
wheat soils which he analyzed ; and Dr. Anderson gives the fol- 
lowing table of the amount which he found in the best wheat soils 
in different parts of Scotland : — 

Per-centage of Per-centage of 
organic matter or^mic matter 
in the soil. in subsoil. 

Mid-Lothian wheat soil .... 1019 4-83 

East-Lothian do. ... . 6*82 6 '86 

Morayshire do. . . . • 4 64 8*76 

Dr. Hodges' analysis of the soil of the Munstcr Model Farm gives 
3*93 present of organic matter, and 205 in the subsoil. It is a very 
good soil, yielding superior samples of wheat, beans, oats, and barley : 
wheat, in good seasons, averages eight to twelve barrels per acre 
He found that the soil of the Albert Model Farm, Glasnevin, con- 
tained 14*21, and the subsoil 3*64 per cent, of organic matter. The 
latter soil contains rather too much organic matter for the growth 
of cereals. Turnips, mangold wurtzel, and cabbages delight in a 
loamy clay soil, such as the one under consideration; but in order 
to suit it for the growth of cereals, the quantity of organic matter 
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should evidently be decreased. Several practical remedies suggest 
themselves: — 1st. The application of quick lime, which decomposes 
this kind of matter ; 2nd. To grow root crops by the aid of mineral 
manures only ; 3rd. Charring, a practice which has been recently 
carried out with success, and to which we will again refer. 

5. Whence have soils derived their organic matter ? The 
answer to this question is interesting. When first formed, rocks, 
contained no vegetable matter ; when vegetables were called into 
existence, they must have found a suitable place in which to grow. 
But, granting that a soil was at first destitute of organic matter, its 
formation in it would be produced thus: — A tribe of plants, of a 
low scale of organization, would grow upon it, deriving their 
organic matter solely from the air. These plants dying, and their roots 
decaying, would leave vegetable matter in the soil. The same pro- 
cess takes place at the present day in our soils. The roots of 
the heather accumulate on the mountain soil; the roots of trees, 
grasses, and weeds in woods ; the roots of our cultivated plants in 
arable land; and the roots of grass rapidly increase the quan- 
tity of vegetable matter in our pasture fields. When, accordingly, 
we want to enrich sandy or light soils, we lay them down to grass ; 
and hence, among other reasons, the adaptation of the five-course 
and six-course rotations to such soils. Besides the decay of the 
roots of plants, there are other sources of the organic matter of soils. 
The decay of insects is one of these sources. Snails, worms, &c., 
which perform certain functions while living, give to the soil by 
their death and decay organic matter of a most valuable character, 
being richer in nitrogen than the roots of plants. The disintegra- 
tion of the more recently -formed geological formations also adds 
animal matter to the soil. The limestone, for instance, contains 
more or less of such matter. 

6. Speaking of the organic nature of soils, Johnston ob- 
serves (Lectures, p. 93) : " 1. That plants will, in cartain circum- 
stances, grow in a soil containing no sensible quantity of it; but it 
is also true, generally, that they do not luxuriate or readily ripen 
their seed in such a soil. 2. It is consistent with almost universal 
observation, that the same soil is more productive when organic 
matter is present than when it is wholly absent. 3. That as a 
field of arable land contains less organic matter after a crop growing 
on it than before it was sown, plants take a certain portion of their 
organic food from the soil." 

7. The organic matter exists in soils in various forms ; some- 
times in brown or black fibrous portions, exhibiting, on a careful ex- 
amination, something of the original structure of the organized sub- 
stances from which it has been derived ; sometimes it forms only a 
fine brown powder, intimately intermixed with the mineral matters 
of the soil ; and sometimes it is scarcely perceptible in either of these 
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formfl, and exists only in the state of organic compounds, more 
less or void of color, and at times entirely soluble in water 
(Johnston). 

8. The teim humus has been given to the fine, brown, light, 
organic matter of soils, and it has been considered to consist of 
various organic compounds formed in the soil during the decay of 
the organic matter. The composition of these organic compounds 
(as many as sixteen of which have been descnbed) in the soil, 
have been elaborately detailed by Dumas, so detailed, indeed, that they 

Sossess no interest to the practical man, while many eminent chemists 
oubt the existence of many of them. The principal of these are the 
humic acid group ; the ulmic acid group, the result of a less advanced 
stage of decomposition than the humic ; and the geic acid group, the re- 
sult of a further decay of the humic and ulmic acids under the 
influence of oxygen. These three groups are separated from the 
soil by boiling a portion of it with common carbonate of soda, and 
adding to the brown solution thus obtamed muriatic acid, imtil the 
liquid has a sour taste, when brown flocks fall. These flocks consist 
of one or a mixture of those acids. They combine with lime, mag- 
nesia, oxide of iron, and alumina, forming salts. They dissolve 
readily in solutions of ammonia ; and hence, manures containing or 
capable of producing this substance must facilitate their admission 
into plants. They are also soluble in carbonates of potash and soda ; 
and therefore the ashes of weeds and burned soils which contain 
these salts must exercise on the acids named a similar effect to am- 
monia. 

9. Besides these three groups of compounds which are inso- 
luble in water but soluble in solutions of salts of the alkalies, the 
organic matter of the soil contains — 1, a part soluble in water alone, 
and 2, a part insoluble in either. The former consists chiefly of two 
acids, crenic and apocrentc, which are readily washed out of the 
soil by rain, and which form insoluble compounds with peroxide of 
iron, and are therefore found in many of the ochry deposits from 
ferruginous springs. 

10. Humus has been distinguished into mild, sour, and coaly 
(Johnston). The mild gives a brown color to water, but does not 
render it sour ; gives a dark-brown solution when boiled with car- 
bonate of soda; evolves ammonia when heated with caustic potash, 
or soda, or slaked lime, and when burned leaves an ash which con- 
tains lime and magnesia. The sour gives, with water, a brown 
solution more or less acid; is less favorable to vegetation than the 
mild ; and generally indicates a want of lime in the soil. The coab/ 
humus gives little color to water or to a hot solution of carbonate 
of soda; leaves an ash which contains little lime, occurs generally 
on the surfaces of very sandy soils, and is very unfruitful. It is 
greatly ameliorated by lime or wood ashes. 
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11. Humus is lighter, more porous, and looser than the mine- 
ral constituents of the soil. It absorbs more water than clay or 
any other constituent of the soil, and thence acquires a soft, swoUen- 
up consistency, without, however, loosing its permeability or becom- 
ing sticky or tough ; it gives up the absorbed water very slowly 
through evaporation. It may be compared to a sponge, which in 
like manner has the power of absorbing large quantities of liquids, 
that become uniformly diflFused through it, and are slowly yielded 
up again. In consequence of these properties humus renders heavy 
soils lighter, dense soils more porous, tough soils softer and mellower, 
and impenetrable soils more open; and on the other hand, it renders 
light and loose soils more dense, and loosely coherent and dry soils 
moister (Stockhart). 

12. The inorganic part of the soil contains the following substances : 
lime, silica, alumina, magnesia, potash, soda, oxide of iron, oxide of 
manganese, chlorine, sulphuric, carbonic, and phosphoric acids. The 
great bulk of the inorganic part of soils consists of silica, alu- 
mina, and lime. Unlike any of the other substances named, 
alumina does not enter into the composition of plants, and its use 
seems to be to give stability to the soil for the support of plants, and 
to absorb and retain several ingredients which would otherwise be 
washed out of the soil. 

13. It is only the fine particles of the soil which immediately 
afford nourishment to plants. If the matter j^that remains, after burn- 
ing away the organic part of the soil, be introduced into a bottle, a 
Florence flask for example, and some water poured upon it, agitating 
it for some minutes, so as to break up any hard lumps of earth, and be 
then allowed to remain at rest for a couple of minutes, you will observe 
that a finely divided matter remains floating in the water, which scien- 
tifically considered is, as Dr. Madden long since remarked, a mixture 
of an impalpable powder with a greater or smaller quantity of particles 
or fragmentsof rocks of various sizes and shapes ; the impalpable powder 
is the part which directly exerts an influence upon vegetation : the 
other matter gives porosity, and thus admits air which, as we will 
see, produces food for plants. It is the finer part which keeps soils 
moist and gives them the power of absorbing fertilizing matters from 
water and other fluids. By gently pouring this water with its sus- 
pended matter from the vessel, and repeating the washing with fresh 
water so long as it comes off* muddy, you will at last obtain in the 
vessel a mixture of sand and gravel, which, when dried can be 
separated by means of a small sieve, and their proportions deter- 
mined. If you allow the water used for washing the soil to remain 
at rest till all sediment falls to the bottom, and pour it off gently 
and evaporate it, a few grains of solid residue remain behind. This 
is the soluble portion of the soil. 

•* An examination of the gravelly matter thus separated shows that 
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it consists of fragments of rocks of various kinds, resembling those in 
the neighbourhood or other parts of the country. An examination 
of the finely divided matter desposited /rom the water used in 
washing would show that the bulk of it consists of silica in com- 
bination with alumina, and of varying proportions of lime, magnesia, 
oxide of iron, oxide of manganese, phosphoric acid, &c. In the 
insoluble portion of the soil most of these substances exist in com- 
bination with silica, and the silicates which they form are capable 
of being decomposed and slowly dissolved by the influence of the 
gases contained in rain water, and they thus afford plants their mineral 
food. In the residue after evaporation (the soluble portion of the 
soil) the chemist discovers the same substances, but in such states 
of combination as to dissolve readily in water." — (Hodges.) 

14. Now, a chemical analysisof asoil gives the quantities of the 
several ingredients in the finely divided matter of the soil, the 
gravelly particles being altogether overlooked. " A statement of 
the quantities of fertilizing matters contained in a specimen of a soil, 
such as is furnished by its chemical analysis, merely serves as an in- 
ventory of the riches stored up for use in its treasury, but does not 
enable us to calculate how far the mass of capital is directly avail- 
able for the immediate requirements of the cultivator." The state 
of combination and availability of the several ingredients is scarcely 
determined by the analyst ; nor does he ascertain in every case the 
mechanical condition of the soil itself. A chemical analysis, how- 
ever, serves the following purposes: 1st. It tells the quantity of 
matter stored in the soil (without always specifying how far available). 
2nd. It shows if any substance essential to plants is absent; 
and in this respect, it is a test of the value of a soil. It 
would be utterly hopeless, for example, to expect crops to grow 
in a soil totally destitute of lime, or any other fixed ingre- 
dient of plants. 3rd. When crops fail upon a farm it is one of the 
means of ascertaining the cause of infertility. The analysis of the 
soil of the Model Farm shows that it contains too much organic 
matter and too little lime. Many soils, again, contain too much 
oxide of iron or too much acid matter, which is readily detected 
by chemical analysis. 

15. It has lately, become the fashion to look upon chemical 
analysis as the best means of estimating the value of soils. The agri- 
cultural public have somewhat over-estimated the advantage of the 
application of chemistry to land valuation, and especially those who 
have embarked in agriculture for the first time. They have over- 
looked and under-estimated every other consideration, such as the 
experience of the ordinary land-valuators of the country, and have 
sought information in the balance, crucibles, and other appendages 
of the laboratory. Many chemists have been candid enough to 
warn the farmer against this false idea. One of the most pains- 
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taking of modern analysts observes: — ** The dissimilarity in soils in 
regard to natural capacity of producing crops cannot be accounted 
for by reference to a certain amount of chemical compounds ; on the 
contrary, it is certain that the combinations which the several sub- 
stances may form in the soil, and which combinations are not gene- 
rally indicated in the analysis, may give rise to the superiority of 
one soil over another." We have passed as it were from one ex- 
treme to another. Formerly only the physical properties of a soil 
were considered important in estimating its value ; but for the past 
twenty years or so httle or no attention has been paid to those im- 
portant mechanical and other physical characters on which the value 
of soils so much depend. 

16. The soil of Bagshot Heath, a barren waste, has been compared 
with the Tchomoi Zem, or the black earth of the central regions of 
Asia, which, on the testimony of Sir Roderic Murchison, yielded 
abundant crops of wheat, &c., without any manure. If, says Mr. 
Rham, the 70 per cent, of silica which the Tchornoi Zem contains 
were in the form of small crystals, such as we find in the sea-sand, 
and the 13 per cent, of alumina combined with the 7 per cent, of 
iron and the sulphuric acid, were mechanically mixed with the sand, 
the result would be a soil not much superior to that of Bagshot 
Heath ; and although the 6 or 7 per cent, of organic matter, especi- 
ally with a considerable portion of animal matter, may give it some 
fertility, it would never be fit for the growth of wheat for the want 
of firmness. But if the alumina is combined with the silica, so as to 
form clay, and a portion of the silica only is in the form of fine sand, 
making with the clay a loamy soil, and the oxide of iron be a per- 
oxide, not hurtful to vegetation, then the organic matter intimately 
mixed with this soil will form the richest wheat-loam. 

1 7. The range of variation incidental to the determination of some 
of the constituents of the soil exceeds the total quantity of those ingre- 
dients present in it They sometimes exist in it in quantities too 
limited to be determined, but yet in sufficient abundance to meet 
the requirements of several successive crops. " In the determina- 
tion of the quantities of phosphoric acid and of potash, two of the 
most important constituents contained in the soil, the limits of 
variation attending those determinations may amount. to from 0*1 to 
0*2 of a per cent., which is often as much as many soils capable 
of growing crops contain" (Voelcker). 

18. In reviewing Mr. Smyth's system of culture at Lois Weedon, 
Professor Way throws some light on this point. In the first column 
in the following table are given the numbers of pounds weight of 
the different mineral substances required by a crop of wheat 
yielding 35 bushels of grain and 2 tons of straw and chaff; and in 
the second column are given the quantities removed by 20 such 
crops: — 
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Silica 

Phosphoric Acid 
Sulphuric Acid 
Lime 
Ifagnesia 
Potash . 
Soda 



One crop. 


20 crops. 


lbs. 


lbs. 


170 


8,400 


30 


600 


8 


160 


16 


820 


10 


200 


40 


800 


8 


60 


277 


5,640 



Per-oentage 

of the soil 

removed by 

20 crops. 



lbs. 

•162 

•027 

•007 

•014 

•009 

•036 

•003 



•248 



The quantities of phosphoric acid and potash removed by 20 crops 
of wheat are far under the range of variation given above, which 
goes far to prove the utter impossibility of, at present, relying on 
chemical analysis as a means of knowing if a soil contained phos- 
phoric acid and potash enough to grow a crop of wheat. 

19. Again, there seems every reason to believe that iodine, bro- 
mine, and fluorine are essential constituents of soils ; and up to the pre- 
sent time no analysis includes these substances. Iodine exists in wood 
and in fresh-water plants ; bromine has been detected in several soils 
and plants; and fluorine exists in the bones and teeth of animals, 
and must have existed in the soils which produced the plants on 
which those animals fed. 

20. A well-known chemist, Mr. Nesbit, principal of the Kenning- 
ton College, gives a homely illustration of the value of an analysis 
of a soil. He says it reminds him of a man who, having a house 
to sell, brought a brick in his pocket as a specimen. Not that in 
any ordinary-sized farm there are likely to occur as many variations 
of soils as there are bricks in an ordinary-sized house built of bricks; 
but yet, the variations on a farm, nay, often in an average-sized 
field, are so great as to render the parallel quite legitimate. These 
variations, it is true, do not always exist, and even when they do, 
precaution is taken to have several samples from difierent parts of 
the fields mixed together for analysis. This expedient is, however, 
but a small remedy for the evil pointed out. 

21. Dr. Daubeny, in 1845, made a most intelligent division of the 
ingredients of the soil. He divided them into active^ dormant, and 
passive. When we consider, with this distinguished philosopher, the 
nature of a soil in an agricultural point of view, or m reference to 
its suitableness for the growth of various kinds of vegetables, two ques- 
tions suggest themselves : 1st. What amount of ingredients is in it at 
present in a condition to be available to nourish vegetables ? and 2nd. 
What amount of ingredients is in it capable of becoming tivailfible 
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for this purpose in the course of time. In nature, rain-water (water 
charged with carbonic acid) is the agent which dissolves the food of 
plants ; and accordingly, all that can be extracted from the soil by 
this means is called the active food of plants, and what cannot be so 
extracted ought not to be regarded as at present available for the 
nourishment of crops. The matter again extracted from the soil by 
digestion in muriatic acid during four or five successive hours, 
is dormant, but capable of becoming available in the course of 
time. Whatever remains after digestion in the acid is in such 
a state of combination that it may be considered wholly incapable 
of imparting any nourishment to plants for a very long period of time. 
The muriatic acid, if applied first, dissolves both active and dormant 
ingredients. Both of these make up the total available constituents 
in the soil ; whilst those which, from their state of combination in 
the mass, can never be expected to contribute to the growth of 
plants, may be denominated the passive constituents. A useful 
analysis should set forth the several quantities of the ingredients of 
the soil existing in an active and dormant condition. It appears that 
part of that which Dr. Daubeny called passive may become avail- 
able sooner than he supposed. Take silicate of lime, for example, of 
which more at another timCy'^see also Johnston on lime, p. 63-5). 
Though the farmer i» generally ignorant of the fact, many of his 
operations are directed to the converaon of the dormant into active 
ingredients. We expose, for instance, our land to the winter's 
weathering, the good effects of which, are like those resulting 
from many other operations of tillage, referable to this very plain 
theory. 

22. Viewed in this light, it is easy to comprehend how a soil may 
refuse to grow crops and yet contain within itself a large quantity of 
dormant ingredients. Such a soil is benefited by a- year's fallowing, 
by green fallow cropping, by tillage of any kind, or by manure. 
Which of these methods to adopt at any time is determined by cir- 
cumstances. " It may be important to the farmer to be assured that at 
the very time the most distant quarters of the globe are ransacked for 
the mineral ingredients required for his crop, he has lying in the 
soil an almost inexhaustible supply of the same ingredients ! The 
soil, considered as a store-house, may be full. All the substances 
heeded by the plant may be present in it, and in sufficient quantity ; 
the fault may be one, not of the existence but of the accessibility of 
those substances." 

23. What, then, ate the proportions, chemically speaking, in which 
the several ingredients exist m the soil ? Though a definite reply 
cannot be given to this* query, yet there is a coincidence in this respect 
among fertile soils ; and though chemical analysis is not an infallible 
guide, yet it often shows a striking deficiency of certain mineral 
substances in infertile soils. Johnston gives the following concise and 
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suggestive table, which may be occasionally used for refe- 



rence :■ 



ooHPOsinoir ov soils of different degrees of fertility. 



Fertile without 

manure. 
Prodnced crops 

for sixty years 
without manure, 

and still con- 
tinued to do so. 



T 



Fertile with 

regular 
manuring. 



Barren. 



Organic matter . . . . 

Silica (in the sand and clay) . 
Alumina in the clay .... 

Lime ..... . . 

Magnesia ...... 

Oxides of iron 

„ manganese 
Potash 

Torino } ^»«*y " ~™^° "** • • 

Solphnric acid 

Phosphoric acid 

Carbonic acid (combined with the lime 

and magnesia) 

Loss 



97 

648 

67 

69 

8* 
61 

1 

2 

[4 
2 
2 



I- 



40 
14 



1,000 



60 

833 

61 

18 

8 

80 

8 

trace. 



i 

1* 



*i 



1,000 



40 

778 

91 

4 

1 

81 

i 

trace. 



4J 



1,000 



24. We will not stop here to consider the various properties of the 
several mineral substances which, according to the foregoing table, 
enter into the composition of plants, as that part of the subject has 
been admirably treated of in such popular manuals as " Hodges' 
Lessons in Chemistry in its Application to Agriculture^^ and " John- 
ston's Elements of Agricultural Chemistry J* But it comes within the 
scope of those general remarks to answer the question — whence has 
the inorganic matter of our fields been derived ? 

25. The mineral as well as the vegetable and animal kingdoms un- 
dergoes important changes under the influence of the mighty hand of 
nature. The most indurated rock crumbles to dust in the course of 
time. Without borrowing remote illustrations, let us reflect on the 
weather-worn aspect of public buildings in some city or town in tem-. 
perate climates. Look, for instance, at the ancient city of Chester, 
which became the great rendezvous for the agriculturists of the 
United Kingdom last July, with its fine old cathedral and other 
edifices, whose walls have been wrinkled by time, and corroded by 
the united influence of air, moisture, and heat. 

26. The corrosion or wearing down of rocks is produced partly by 
chemical and partly by mechanical agencies. Two of the principal 
chemical agencies may be briefly explained thus : — 

27. 1st. It may be remarked that of all the constituents of rocks 
iron is most susceptible to the influence of the atmosphere. 
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Iron combines with oxygen in two proportions : the first com- 
bination is termed protoxide and the second peroxide of iron. 
The protoxide, which exists in many varieties of rocks, has a 
powerful affinity for oxygen, which it takes from the air, and being 
thereby increased in bulk, in consequence of its conversion into 
peroxide, it bursts the rock. Silica and potash occur in most 
varieties of rocks, forming silicate of potash ; but by the action of 
the carbonic acid gas, which exists in the atmosphere, the silicate 
is decomposed, the potash combines with the carbonic acid forming 
the very soluble substances termed carbonate of potash, which is 
washed out from the rock. Felspar is an abundant constituent of 
granite, gneiss, &c«, and is very readily decomposed on exposure to 
the air, by reason of its large amount of silicate of potash. 

28. 2ndly. Rain water, which always contains more or less carbonic 
acid, exercises powerful action in disintegrating rocks. For example, 
limestone (which is chiefly composed of carbonate of lime) is insolu- 
ble in pure water, but soluble in water charged with carbonic acid. 
Of course the action of rain-water is very different on different 
rocks. Some, such as the pure sandstones, quartz, and lava cinders, 
are scarcely at all acted on by it, while it acts readily on feldspar 
and other minerals containing silicates of alumina and alkalies, such 
as basalts and clay slate. 

29. Among the mechanical agencies which aid in producing soils 
may be mentioned :— 1. Gravitation, which brings matter from higher 
to lower levels ; such as, when the pai'ticles of an over-hanging rock 
are held together by a slight affinity, they gravitate into the hollows. 

2. Winds, which frequently transfer to a distance the particles of the 
disintegrated rock. On the Baltic shores large tracts of arable land 
are annually covered with drift sand, and on the south-west coast of 
France the Dunes increase every year about seventy feet in breadth.* 

3. Water, which, besides aiding m promoting chemically the degra- 
dation of rocks, acts mechanically in several ways. 

30. The abraded particles of rocks are transported to a distance 
by mountain rivulets, streams, and rivers. Immense quantities 
of alluvial matter are deposited daily at the mouth of the great 
Mississippi in this way. The deltas of the Nile, &c., and the valu- 
able tracts of reclaimed slob lands of Wexford and Lough Foyle 
have been produced in the same way.f 

31. The mechanical effects of water are well exemplified along 
coast lands, where the splashing waves, by their momentum, con- 
stantly encroach upon the dry land, and frequently steal away, bit 
by bit, a favorite piece of arable land from the .farmer, who seldom 
receives any compensation further than that derived fi:om the reflec- 

* Morton's Cyclopffidia of Agriculture, vol. ii, p. 868. 

t The Rhine has been computed to bring down, in the course of 2,000 years, material 
-which would cover thirty-six square miles to a depth of three feet The gigantic delta of 
the Ganges, which covers 20,000 square miles, has been deposited by that river. 
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tion that the matter so abstracted from him may, afiber lying for 
centuries at the bottom of the sea, be upheaved by volcanic agency, 
and made subservient to the requirements of future generations. 

32. But the most interesting mechanical way in which water acts 
in producing soil from rocks is by its freezing. Rocks absorb water, 
which, on freezing, (or being reduced to the temperature of 32^ F. 
and under), increases in bulk, and ruptures the rod. with a force and 
to an extent proportionate to the amount of water absorbed.* In 
thawing the water is reduced to its original bulk and liquid state, 
and the particles of the rocks crumble down. As we shall after- 
wards see, the action of frost in mellowing and pulverizing the land 
is precisely similar. 

33. Vegetation also contributes, in no small degree, to the degreda- 
tion of rocks. No sooner is the rock Bu£Ficiently abraded than inferior 
plants strike their roots into the merest fissures, and, subsequently 
increasing in bulk, rupture the rock. The dynamic force exerted 
in this manner by trees is sufficient to bear down walls and houses. 
In common with many others I have often observed the remarkable 
effects produced by insignificant plants in destroying some of the 
stratified rocks. The plants which Dr. Hodges most firequenily 
observed is the wild sorrel, Rumex aceto»8ela^ the roots of which he 
has found '^ forcing themselves for a great length between the layers 
of the clay-slate rock, and in their progress loosening ^ad finally tear- 
ing them asunder." 

* According to Mr. WU3dngon Um. ' at. 

A cable foot of the chalk of Antrim weighs 160 and absorbs of water, S 
, sbaly calp, 160 „ 1 to 4 

„ sandstone, 145 ,| 1 to 5} 

(average.) 

fNewiy and 
Kington , \ 
Glenties in 
Donegal , 4 
„ basalt, 178 „ less than J 

(average.) 
., clay roofing-slate, 177 tf i 

(average.) (See Hodges* Chemistiy.) 
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CHAPTEE II. 



THE SEVERAL CLASSES OF SOILS. 



34. The nomenclature and classification of soils are in a most un- 
fortunate state of ambiguity. The expressions, light soils and heavy 
soils, so frequently met with in treatises on agriculture, are intelli- 
gible enough to the initiated, while to the reader not acquainted with 
the phraseology of the field, the terms light and heavy, as applied to 
soils, merely convey the idea of specific weight, which is totally diffe- 
rent from the secondary or technical meaning of the words. And as 
to the classifications of soils in common use, we shall presently see 
that they are vague and unsatisfactory. 

35. Various experiments instituted n-om time to time, tbougb pretty 
fully detailed in agricultural journals, are faulty for want of a uni- 
form class of terms expressive of the various conditions of soils. For 
instance, in the current number (63, January, 1859), of the transac- 
tions of that admirable institution, the Highland Society of Scotland, 
we have two prize reports on experiments to test the relative merits 
of ploughs ; and apart from the utter absurdity of the object aimed 
at m those experiments, the interest which would otherwise attach 
to them is, to the scientific reader, diminished by the paucity of 
information conveyed by the essayists as to the physical properties 
of the soils experimented on. One says his soil is a " friable clay 
mixed with quartz ;" but whether there was much or little of the 
latter is not specified ; and he informs us that the subsoil was Bandy 
clay. The other essayist, also the recipient of the Highland Society^ 
gold medal, reports that his soil is a ** clayey loam, resting upon 
a retentive red sandy clay subsoil," which is all the information he 
vouchsafes as to the character of the soil on which he tested no less 
than ten ploughs, differently constructed, notwithstanding that dif- 
ferent classes of soils require certain modifications in that implement* 

36. In the book of instructions issued to Griffith's valuators (in 
this country) in 1853, a number of terms occur which, with a few 
others, I may place before the reader: — 

A soil is said to be stiffs heavy ^ or strong^ when it is tenacious and 
difficult to labor: clay soils are stiff. Soils which are loose and 
easily labored are said to be light or friable : sandy and gravelly 
soils are light. Now, as a given bulk of sand is heavier than the 
same bulk of clay,. it is evident that the term heavy and light, as 
applied to soils, are calculated to lead to some confusion. 

when a soil has considerable depth of mould it is said to be 
deep. Griffith applies the term to soils exceeding ten inches in 
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depth. When the plough, In turning an ordinary furrow slice, 
descends into the subsoil, the soil is said to be shallow. 

A sharp soil is one which keeps the plough -irons ancf other im- 
plements of husbandry clean. It contains sandy, gravelly, or gritty 
matter. ** Such a soil is admirably adapted to turnips." Loamy gravels 
are sharp. 

A deaf soil is opposite to sharp, and contains so much vegetable 
matter as to keep the plough-irons always dirty : deep, black moulds 
and peats are deaf. 

A soil becomes sick when the same crop is too often repeated. 
Thus, if clover or turnips be repeated too often on a field, it becomes 
sick of that crop, and refuses to grow those crops healthily. 

A worn soil is one that has borne consecutive crops without manure. 

Porous or open soils and subsoils freely allow the passage of water. 

Retentive soils and subsoils, on the contrary, retain water and 
obstruct its downward passage through them : stiff and adhesive soils 
are retentive. 

Soft or firm soils contain no gravel, and are composed chiefly of 
fine particles of sand or soft light earth. 

Hard soils, such as the thin retentive clays, are the very opposite 
to soft soils. 

Soils which contain more water than is required for vegetation are 
said to be wet: clays, in their natural state, and peaty soils are wet. 

Diry soils, on the contrary, are thin ; and water passes through 
them freely : sandy and gravelly soils are dry. 

Rich soils yield good crops without large quantities of manure. 

Poor soilSf owing to the bad quality of the land, require liberal 
manuring to produce good crops: thin soils are generally poor. 
The term hungry is somewhat synonymous with poor: gravelly 
soils which require inordinate quantities of manure are hungry. 

A soil is said to be grateful when it gives a greater return than 
might be expected from it under given treatment : sandy loams are 
grateful, especially the lighter loams. 

A soil is kindly when it admits of the usual operations of hus- 
bandry being penormed in due season with perfect safety. 

37. Various classifications of soils have been j)roposed from time 
to time, all, however, based on somewhat similar principles. Schuhler, 
who has done much to elucidate the nature of soils, in his work 
on Agricultural Chemistry ^ gives a most elaborate division, which, 
though too abstruse to be of practical utility, formed the ground- 
work of most modem classifications. 

38. Von Thaer, in his well-known work on agriculture, gives a 
list of soils, in which he attempts to estimate their relative value 
according to the proportion of clay, sand, carbonate of lime, and 
organic matter which they contain. The following table em- 
bodies his arrangement : — 
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89. Mr. (now Sir Richard) Griffith, In the work of instructions to 
valuators already referred to, gives the following classes and sub- 
classes: — 



Classes. 
ArgillaceoDS or clayey. 

SilicioQft or sandy. 

Calcareous. 
Peat soil. 



Snb-elasses. 
rClayey. 

< Clay loam. 
(^Aiigillaoeous alluviaL 
rSandy. 

< Gravelly. 

( Slaty or rocky. 

?Limey. 

J Limestone gravel. 

(MarL 

JMoor. 

(Peat 



Remarks. 



The color of soils, as yel- 
low, blue, browD, or red, 
is derived from an ad- 
mixture of different pro- 
portions of the oxide of 
J iron. 
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40. Professor Hodges has recently proposed the following more 
precise system of classifying soils : — 

JSbdgea^ Classification of Soils. 



Name of soils. 



1^ 



8 0© 



iM < 



Them contain 
than 5 per 
carbonate 



1. 

2. 

8. 

4. 
5. 
6. 



kin more C 7. 
'cent of •< 
of lime. { 8* 



Contain more than { 9. 
6 per cent, of or^ •< 
ganic matter. {iQ. 



Porecli^, 

Tenadoos clay, 

Clajloam, 

Loamy soil, 
Sandy loam, 
Light sandy soil, 
Marly soil, 

Calcaieoaa«oil. 

Garden soiiU 

Peaty soiL 



Proportion of sand left on being washed. 



Leaves no residue 6f sand when washed. 

Porcelain clay is an example. 
Leaves 6 to 20 per cent, of silicions sand. 

Brick clay is an example. 
Leaves from 20 to 40 per cent, of residue 

when washed. 
Leaves from 40 to 70 per cent, of sand. 
Leaves from 70 to 90 per cent of sand. 
Leaves more than 90 per cent of sand. 
Yields from 6 to 20 p«r cent of carbonate 

of lime. 
Yields more than 20 per cent of carbonate 

of lime. 
Contains from 5 to 20 per cent of organic 

matter. 
Contains more than 20 per cent of organic 

matter. 



41. It must be confessed that these classifications convey little 
immediate practical instruction to the farmer, nor can it be denied 
that they are far from being perfect; for a practical man cannot dis- 
tinguish between soils diflfering only in one or two per cent, of 
organic matter, carbonate of hme, or any other ingredient; and 
yet Dr. Hodges would place a soil containing say 19'5 per cent, of 
silicious sand in the class of tenacious clay, and a soil containing say 
20*5 per cent, of the same substance in the class clay loam. 

42. The more mineralogical classification of the great French 
author, M. de Gasparin^ and which has been highly lauded, is still 
more faulty. 

43. It were very desirable that we had an intelligible and un- 
failing classification of soils ; but science must become very much 
simplified before this can be accomplished. Minerals are distinguished 
with ease ; but owing to their complex nature and endless varia- 
tions we need never expect to recognise soils by their characters 
and properties as definitely as we distinguish stones, &c., by the 
stttdy of mineralogy. 

I quite agree, however, with Gasparin, that should such a mode 
of classifying soils be devised, ** it will facilitate very much the study 
of agricultural treatises, and the different methods of culture will be 
rendered the more intelligible by description ; and a necessary link 
being established between agriculture and geological and other natural 
sciences, the former will materially profit by the advancement of the 
latter branches of human knowledge." 
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44. Clay, sand, lime, and organic matter being the substances 
which form the great bulk of, and give their primary characters to, 
soils, we may enlarge a little on the properties of clay, sandy, cal- 
careous soils, and peaty soils. 

45. We will here explain the words, sand, siliceous sand, and 
gravel. Sand means tne finely divided matter of the soil ; and it 
may be composed of particles of silex or lime or any other mineral. 
When the sand is composed of silica, it is called siliceous sand. 
Gravel consists of larger particles than those which compose sand. 
In the words of Low : — " Any light soil, mixed with a sufficient 
portion of stones, is gravel, and, therefore, gravel is merely the dif- 
ferent kinds of light soils mixed with a greater or less proportion of 
stones." Gravelly soils vary in fertility perhaps more than any other 
class of soils. The inferior gravels are worth very little, and consist of 
siliceous sand mixed with stones, and are the hungriest of all soils. 
When the sand or earth is of a calcareous or clayey character, and the 
stones undergoing decay rapidly, we have the richer gravelly soils, 
which, notwithstanding their open texture, vield, where there is 
sufficient organic matter, excellent crops of barley and oats. 



CHAPTEE III. 

CLAT SOILS. 

46. The terms alumina and clay are generally understood as 
synonymous ; but the word clay, in the language of agriculturists, 
does not mean pure alumina. Clays owe their tenacity to alumina ; 
and the purest clays, or those containing most alumina, are the 
porcelain clays; but when freed from water, by heating to 
redness, these contain only from 42 to 48 per cent, of alumina, 
with from 58 to 59 per cent, of silica (Johnston). Antisell gives 
the following composition of the porcelain clay or kaolin met 
with in Wicklow, Down, and Tipperary : — 

Silica .... 47-0 

Almnina .... 89*2 

Water .... 18-8 



100-0 



The term pure clay has been adopted by authors as a kind of stand- 
ard of comparison. It is the pipe-clajr of these countries, and 
contains from 36 to 40 per cent, of alumina, 3 or 4 per cent, of 
oxide of iron, and a trace of lime, and is not so strong as the pure 
porcelain clay ; it consists of the latter, with a mixture of siliceous 
and ochry particles in so intimate a state of mechanical union that 
they cannot be separated by washing. The strongest clay soil in 



18 GENERAL CONSIDERATIONS ON 

cultivation rarely contains more than 35 per cent, of alumina. The 
strongest clay soil (unctuous, tile-clay), says Johnston, consists of 
what IS above called pure clay, so mixed with from 5 to 20 percent, 
of siliceous sand that the latter can be separated by boiling and 
decantation. 

47. A pure clay is thus described bjr Stephens: — " When fully 
wetted it feels greasy under the foot, which slips upon it in all direc- 
tions. It has an unctuous feel in the hand, by which it can be 
kneaded into a homogenous mass, which retains tne shape imparted 
to it. It glistens in the sunshine, retains water upon its surface, 
and makes water very muddy, but the mud is slow in settling at the 
bottom. It feels cold to the touch, and soils the hand and every- 
thing that comes in contact with it. It cuts like soft cheese ; parts 
with water very slowly. When dry, a clay soil cracks into numer- 
ous fissures, collects into lumps, which are very difficult to be 
broken, and which indeed cannot be pulverized by the ordinary im« 
plements. It absorbs moisture readily and adheres to the tongue. 
When in a medium state, neither wet nor dry, it is tough, and soon 
becomes hard with a little drought, or soft with a little rain. On 
these accounts it is the most obdurate of all soils to manage. A large 
number of horses is thus required to work a clay-land &rm ; and its 
workable condition continues only for a short time, even in the best 
weather. But it is a powerful soil in its capabilities, bearing luxu- 
riant crops, of excellent quality. It may be characterised a natu- 
rally feitile soil, containing little vegetable matter, and of a yellowish- 
grey color. It generally occurs in deep masses, on a considerable 
extent of flat surface, exhibiting few undulations, along the marmn 
of a large river, or its estuary, and being evidently a deposition 
from water." 

48. Strong clays are often found baked on the surface, while they 
are moist underneath. The continued evaporation from their sur- 
face keeps them always cold. The faults of clay soils lie in their 
texture, and not in any deficiency of mineral ingredients, of which 
thejr contain an abundance. They are improved by drainage, which 
carries off that superabundance of water which renders them often 
useless. Lime, too, acts beneficially on them, by increasing their 

?orosity and rendering their mineral ingredients available for plants, 
'he addition of sand tends to render them more friable and useful. 
The quantities to be applied depends of course upon the texture, &c., 
of the soil. The application of recent or fresh farm-yard manure 
also opens up clay soils to the action of the air, for in fermenta- 
tion it separates the particles of the clay to a certain extent. 

49. Clay soils are sometimes called argillaceous soils, from the word 
argil, which is applied to alumina, as being a white substance. The 
term alumina has been derived from alum, of which it forms the 
base. Alumina has a great affinity for water, which it retains with 
tenacity, and communicates this property to day soils, in proportion to 
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the quantitj of the alumina which they contain ; it enters into com*' 
hination with numerous other substances in the soil, giving rise to a 
^eat variety of compounds which perform most important functions 
in vegetal nutrition ; it has a great affinity for lime, and for silicic 
acid (silex) with which it forms silicate of alumina. As appears 
elsewhere, the power which soils possess of absorbing and retaining 
ammonia and other fertilizing ingredients in the soil has been tracea 
by Mr. Way to the double silicates of alumina and lime, &c., and 
we find that these valuable double compounds exist in greatest abun- 
dance in clay soils, which, if properly cultivated, possess this 
absorbent power to the greatest extent. The property of absorbing 
moisture freely, and retaining it with tenacity, and which is accom- 
panied with the power of absorbing gases largely, and which, in the 
natural state, injuriouslv affects clays, may, in the hands of the 
skilful cultivator, be made the key to their productiveness. 

50. Clay soils are of various shades of color, but they are gener- 
ally black or reddish. The colors of all soils are chiefly owing to 
the prevalence of oxide of iron and the decaying remains of animals 
and vegetables. 

51. What is the quantity of alumina usually present in fertile 
soils ? Our answer to this question can only be viewed as a general 
Approximation. Dr. Voelcker* gives the following analyses of clay 
soils in the neighbourhood of Cirencester: — 





No.1. 


Kg. 2. 


No. 8. 


Water driven off at 212* F.. . 


5*68 


... 


... 


Organic matter and water of combination, 


862 


8-88 


611 


Oxides of iron, 
Alumina, 






, } 


8-07 


8-82 
6^67 


I 8*84 


Carbonate of lime, 








•74 


• • • 


• • • 


Lime, . 








•*. 


1-44 


•41 


Magnegia, 








•60 


•92 


1-49 


Potash, 








•26 


1*48 


•65 


Soda, . 








•22 


108 


• • • 


Phosphoric add, 








•88 


•61 


•04 


Soluble silica, . 
Insolnble silicates (fine 


clay), 






1*46 
84*10 


\ 72-88 


80-69 


Chlorine and sulphuric add. 






traces. 


traces. 


traces. 


Carbonic add and loss, 






... 


2-87 


2-27 
100- 










100^ 


100- 



A soil from Nebstein, in Moravia, containing 8*51 per cent, of 
alumina, was celebrated for yielding successive crops of com without 
manure for 160 years. Another from the banks of the Ohio, North 
America, a virgin soil celebrated for its fertility, contained 5*66 per 



* Morton's Cydopedia of Agriculture. See also the analyses, foot note, p. 24. 
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cent, of alumina, and a third, from the Polder of Alt-Arenberg, in 
Belgium, and which bore scourging crops of beans, wheat, oats, 
barley, &c., for nine years, contained 48 1 per cent of alumina. 
Good fertile soils contain about 5 per cent; or so of it. Though the 
absorbent powers of soils is, to a certain extent, in proportion to the 
compounds of alumina already mentioned contained in them, yet 
the per-centage of alumina which a soil contains does not, alone, 
afford a criterion of its value ; but it is one of those invaluable aids 
which should guide the practical man in estimating the commercial 
value of a farm. 

52. Clay arises principally from the disintegration of rocks contain- 
ing feldspar, a mineral which is the chief source of alumina. All 
clay soils contain alkaline matter, potash or soda, and their fertility 
is, m no small degree, owing to the presence of this kind of matter. 
The physical properties of excluding air and retaining water, conceal 
the fertilizing powers of clay soils, and it is the business of the 
intelligent cultivator to correct the former and develop the latter. 
The alkalies are mostly present in an insoluble state in clays, and 
the admission of the air with its watery vapour and carbonic acid 
would render these available for plants. 

Burning has also a good effect on clays. 

5 3. While agriculture was imperfectly understood and as imperfectly 
practised — while we had neither artificial manure nor green crops for 
our light lands, clay soils were considered the only valuable ones. 
They contained such an abundant store of fertilizing ingredients 
that the only expedient necessary to be resorted to when they got 
tired, was the naked fallow, and in the more early and primitive 
period of agriculture, simple rest. It was at one time universally 
believed, and the notion is still entertained by many uneducated 
farmers, that the earth required rest, and rest only, to repair its lost 
fertility. Gradually, however, experience changed this opinion in 
favor of naked fallowing, and since the introduction of root crops, 
the naked fallow has, in turn, given way to green crop fallowing; 
and now we can clearly comprehend that the benefit of rest^ as 
generally understood, was delusive. 

It is only on stubborn, stiff clays that intelligent farmers now-a-days 
adopt the naked fallow. It is practised on the adhesive carses of 
Scotland and some of the clays of England and Ireland ; but it is 
gradually disappearing, as intelligence and increased facilities and 
improved practices extend. 

54. The management of a stiff clay soil is perhaps the most 
critical among the whole range of agricultural pursuits. During 
the last season ('58), we saw some clay-land farmers completely 
thwarted in their plans. The secret of success lies in taking timely 
advantage of every favorable moment for tillage that presents 
itself; not to make the already adhesive soil more plastic by work- 
ing it while too wet, nor yet entail the increased outlay its culture 
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involves when too dry; in short, to take time by the fore-lock, and 
operate on a clay soil when it is in a happy medium. Many clay soils, 
in addition to their stiffness, contain oxides and salts of iron in 
such quantities as to render it difficult to produce crops. In this 
case they require manuring and judicious culture, such as liming, 
burning, and frequent stirring. This is more particularly true of 
thin or poor clays, which are the most worthless of soils when out 
of condition. 

55. In a moist climate it is almost impossible to overdrain strong 
clays, and especially when there is not only a surface soil of clay, 
but also a retentive clay subsoil, a combination which taxes the most 
intelligent and experienced agriculturist. The drains must be deep and 
at frequent intervals; and, in addition, it may be necessary to have 
the land in narrow ridges in winter with good surface water-furrows, 
the want of which, and ploughing at inopportune seasons, are the 
most common mistakes committed in the management of clay lands. 
" We often find clay-land farmers, who resort to the naked fallow, 
plough the land while it is wet in summer f and the consequence is 
that the sun bakes it, so as to render the ingress of the air into it 
impossible, and thus render the operation injurious. " The drainage 
may be aided by forming surface or water furrows, so that the furrow 
slice may be so free from moisture as to readily disintegrate under 
the influence of the weather. This should be done immediately 
before winter, and then the frost will so divide and mellow the soil, 
that, provided it be kept free from superfluous water, by under-drainage 
and water-furrows, it will have the appearance of a fine mould when 
worked in spring. It should have received the necessary manur- 
ing in autumn, and be ready for the seed to be sown on the 
pulverised surface," for the great object should be to have the land in 
such a state that the seed may be put in with the utmost despatch. 

56. The strongest clay soils are mostly laid down to permanent 
pasture, for which they are well adapted ; and, perhaps, no better 
system could be adopted in many situations. Drought has little or 
no effect on such pastures. This class of soils are late in maturing 
crops, and especially so in unfavorable seasons. 

57. In many cases, again, clays are subjected to the most scourging 
system of wheat and bean cropping. As a general rule fibrous- 
rooted plants are best adapted to strong soils, as it is only in such 
situations that they find adequate support to bear their heavy bur- 
then. Fibrous-rooted plants, having what are called tap-roots, such 
as wheat, beans, red-clover and the oak, particularly delight in stiff 
clay soils. Bulbous plants, on the other hand, do better in lighter 
soils; but, in truth, by judicious management we may grow any of 
our ordinary crops with success on light or heavy lands, unless those 
of extreme qualities in either class. Maximum crops of wheat or 
beans, however, are not obtained from light land, nor maximum 
returns of barley or turnips from the stiffest clays. 
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58. At another time we will treat of the courses of cropping 
adapted to clays, &c. ; at present, therefore, we will only remark 
upon this point that the foregoing considerations should always 
be taken into account in framing a rotation of crops for heavy soils. 
It may also be well to distinguish between the deep rich clays and 
the poorer clays. The former are such unrivalled wheat producers 
that they are usually styled wheat soils. The poorer clays are 
generally very unprofitable. They are mostly shtllow and rest on 
retentive subsoils. The consequence is, that they are cold, and 
require expensive manuring and tillage to yield an average return. 
The herbage which they yield in their natural state is inferior; and in 
Addition to efficient drainage it is quite evident they must be deeply 
tilled and liberally manured. 



CHAPTER IV. 

LIGHT SOILS. 

59. Light soils have been divided into : sandy, gravelly, calcareous, 
and peaty. A pure sandy soil possesses little value. When wet, it 
feels firm under foot and ploughs with a pretty firm fiirrow slice. It 
cannot be compressed into a ball with the hand. When rubbed 
between the fingers it is rough and gratkig ; when dry it feels soft, 
imd is so yielding to pressure that an object of any weight sinks in 
it. Most sands are easily drifted by the wind. Sand, without 
losing its distinctive characters as a soil, may possess cohesiveness in 
its particles naturally ; and then the soil denominated sandy becomes 
of deserved estimation. The poor sands are easily known by their 
scanty herbage, a character which they possess in common with the 
inferior gravels. Rich sands are very early in maturing their 
crops. 

60. Sandy soils cover a great area, and generally occur m deep 
masses near the termination of the estuaries of large rivers, along the 
sea, and in the interior of counties. They are of all degrees of 
fertility, from the barren wastes of Central Africa to the kindly 
loamy sands of our own country. Siliceous sands have for their 
basis the well known substance, silex or flint, which acts the part of 
an acid in combining with bases, and is therefore called silicic acid. 
It is a most abundant earth ; forming a large portion of soils and 

rocks. 

61. The proportion of silica which exists in soils is ver^ various. 
Like alumina, there is no fixed rule as to the quantity which 
denotes fertility, so far as it depends on this substance. Yoelcke 
quotes the following — 
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No. 1. 


No. 2. 


Na 8. 


No. 4. 


No. 5. 


No. 6i 


Silica and quartz sand, . 


960 


92 01 


9022 


98-8 


96-7 


94*7 


Alumina, 


•60 


2^65 


210 


•6 


•4 


16 


Oxides of iron, . 


20 


819 


8-95 


•8 


•6 


2-0 


„ manganeBe, . 


trace 


•48 


•96 


■•• 


••• 


• • • 


Lime, . • 


•001 


•U 


•64 


•1 


trace 


1^0 


Magneua, 


trace 


•70 


•78 


•1 


•1 


trace 


Potash, 


do. 


•12 


•06 


..a 


trace 


} • 


Soda, . 


do. 


•02 


•01 


• •• 


do. 


Phosphoric add. 


do. 


•07 


•36 


*•• 


da 


trace 


Snlpharic acid, . 


do. 


trace 


trace 


... 


do. 


•■• 


Chlorine, 


... 


do. 


•01 


.• • 


•1 


••• 


Oi^ganic matter (humus) 


1-60 


•49 


104 


*•• 


2-2 


•6 


100^ 


100- 


100- 


99-9 


100^ 


lOO^ 



No. 1 is a barren sandy soil in Lnnebnig. 
No. 2. Sandy soil on the Weser, prodadng very bad red doyer. 
No. 8. In Brunswick, yidding luxuriant crops of pulse. 
No. 4. Very barren drift sand, near Meppen. 
No. 6. Barren sandy soil, near Aurich, east Friesland. 

No. 6. Fertile sandy loam, near Brunswick, producing luxuriant crops of lucerne, sanfoin, 
lupins, poppies, &c 

Since writing the foregoing. Dr. Voelcker has given the compo- 
sition of two sandy soils near Cirencester, Gloucestershire, which he 
has recently analyzed : — 



Organic matter and a little water of combination, 
Oxide of iron and alumnia. 
Carbonate of lime, 
Potash, soda, and magnesia, 
Phosphoric add, 
Sulphuric add. 
Chlorine, 

Insduble silicious matter (diiefiy quartz sand, with) 
but little clay), ) 



No. 1. 


No. 2. 


6-86 


4-82 


6 78 


1216 


•26 


•16 


•49 


•46 


none 


faint trace 


trace 


trace 


trace 


trace 



88-12 



82-41 



Both these soils are rather deficient in phosphoric acid, potash, soda, 
and, in short, the more valuable constituents of soils. Even lime is 
contained in them in too limited quantity, and so is sulphuric acid ; 
or, as the professor observes, ** both are poor soils that require to be 
heavily manured before they can be made to yield a remunerative 
crop." 

Those analyses are given in a paper of great practical interest on 
liquid manure, in which Dr. Voelcker concludes that this species of 
manuring produces the most marked effect on light soils, while on 
clays it produces a contrary effect. The following extract embraces 
the most salient points in the professor's paper: — 

Speaking of the clay soil he remarks, ** that the surface soil 
abounds in all the mineral matters which are required by cultivated 
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plants, and also contains an appreciable quantity of nitroginized or- 
ganic matters. If we calculate the total amount of the available fertil- 
izing substances for a depth of soil of only ten inches, we shall find 
a quantity of mineral and organic fertilizing matters, in comparison 
with which the amount of manuring constituents supplied in 50,000 
gallons of liquid manure (even more concentrated than that used by 
Mr. Mechi in Essex) appears altogether insignificant. I believe 
this to be the chief reason why little benefit results from the appli* 
cation of liquid manure to clay soils and fertile friable loams."* 

Referring to the efiects of liquid manure on light or sandy soils, 
he says : — ** Hungry soils, similar in composition to those of which 
the analyses are given (in p. 23), are grateful for almost any kind of 
manure, for, as they are greatly deficient in plant-food, manures 
that contain even small quantities of phosphoric acid or alkalies 
(such as liquid manure) must produce a beneficial efiect. Several 
of the liquid manures which I have examined, compared with other 
fertilizers, are poor manures. And for the reasons first mentioned, 
liquid manure of this description cannot produce any marked effect 
upon naturally fertile land (such as clay soils), but on poor sandy 
soils it unquestionably may be used with very great benefit." — 
J.R.A.S. England^ vol. xix.* 

62. Sandy soils are light in texture; that is, they are loose and 
porous, naturally dry, and easily labored. But light lands (omitting 
the inferior sands) are now the most useful soils of these countries. 
They are, par excellence^ the land for turnips, which is one of the 
staple crops in modem agriculture. 



* The following is the composition of the soil referred to in this extract: — 



COMPOSITION OF A MODERATELY RETENTIVE SOIL 


AND SUB-SOIL. 








Surface soil. 


Sub-soil. 


* Organic matter and water of combination, 


• 


4*88 


2-69 


Alumina, 




» • 


2-16 


6-39 


Oxides of iron, 




• 


815 


716 


lime, 




• 


•77 


•26 


Magnesia, . 




• 


•18 


1-22 


Potash, 




1 • 


•49 


•88 


Soda, 




■ 


•13 


•28 


Phosphoric acid, 




» • 


•12 


•19 


Chlorine, 




• 


trace 


trace 


Carbonic acid. 


/. 


■ 


* -81 


1-79 


Insoluble silicates and sand, 




88*41 


86*24 


Consisting of Silicic acid, 




• 


86 11 


66^11 


Alumina, . 




• 


2-86 


14-56 


lime, 




• 


• ■ • 


•86 


Magnesia, 




• 


•60 


•23 


Potash, 




• 


•26 


1-77 


Soda, 




• 


•09 


•21 




100-00 


100-00 


* Containing nitrogen, 


• • 


• 


•182 


•09 


Eqoal to ammonia. 


• • 


• 


•220 


•11 
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63. The general management of strong and sandy soila i9 totally dif- 
ferent. While the clays are habitually wet, sandy soils are naturally dry* 
If a sandy soil rests on a porous subsoil, no amount of rain can injure 
it. Indeed, from its porosity and want of attraction for water, tliere 
is great difficulty in raising good crops on such a soil. When under 
a green fallow crop, for instance, the moisture dissipates so readily 
that every precaution must be taken to retain a sufficiency of it. The 
raised drill, by exposing a large surface to the air, is, in many caaea, 
unsuited to the lighter class of soils, especially in dry districts. And 
accordingly we find green crops grown on tiie unraised or flat drill 
system in such situations. 

** In moist climates,'' says Vallentine, ^^ raised drills leave a kind of 
water-course or channel between the artificial heights, which act 
most conveniently for carrying the superfluous moisture away, and 
Qot only thaty but the ridges are left» in the intervals of dry weather, 
in a proper state for working the land, for the horse and hand-hoeing, 
as tne case may be. Where, as in Ireland and Scotland, forty 
inches of rain fall in a year, with a much less average temperature 
than in the south and east of England, raised drills are decidedly pre* 
ferable, as the flat surface would usually be a puddle ; but the case ia 
completely reversed in the dr^ districts of England just named, 
where little more than twenty inches of rain fall annually. The 
ssummer heat is also greater, and, of course, the evaporation is far 
more than in Scotland or Ireland." 

64. One of the chief causes of the many failures that occur iu 
turnip growing on light land^ is the undue exposure of the soil 
immediately before the time of sowing. In the case of clays, «very^ 
time we expose a fresh sur&ce we may expect some beneficial re< 
suit, unless the ground is wet; but every time ^ fresh sur&ce is: 
turned up on light land in May or June, thQ turnipsowing seasoiXt 
we must expect an injurious effect by an escape of moisture. A* 
clay soil retains sufficient moisture in the driest season ; but a light 
soil has no such retentive force. 

65. The practice of autumn cleaning, which is now coming intQ 
u?e, is well adapted to light-land farming We would recomT 
mend the cleaning and ploughing of light land in autumn, and 
ftgree with Mr. Vallentine, that *' all soils which have a tendency ta 
lose moisture quickly should be prepared, as far as possible, for thet 
turnip crop in autumn.*' If light land is cleaned in autumn it haa 
time to acquire consistency and moisture, before spring, and only 
requires a grubbing and harrowing before drilling at seed lame, 
by which the ''natural sap" is retained in the soil. If any cirr 
cumstance should prevent autumn cleaning, the next best thing is 
to prepare it as early as possible in spring, before the heat adxances 
so as to dissipate the moisture. ^* Some years ago the practice was 
general, and, in some districts* is still continued, of ploughing tur- 
nip-fallows, even clean land, three or four times in spring land sum- 
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mer, for the purpose of pulverizing the soil and making it work 
well; such a practice on light soils is quite against the economy of 
labor and the chance of securing a turnip-braird, as it dissipates the 
moisture of the soil." We think it right to quote here the opinion of 
an able writer — Mr. Clare Sewell Read — who, in his report of 
Norfolk farming, says : " When these light lands of Norfolk are 
clean, autumn cultivation does more harm than good. They are 
sufficiently friable by nature, and do not want to be finely pulverized 
or constantly stirred, as the heavy winter rains then wash more of 
the manure into the porous subsoil ; so that the best farmers (where 
the land is clean) give a good winter ploughing before Christmas, 
and thus grow better turnips than when the soil has been well culti- 
vated after harvest." — J,R, A. S. England, vol. xix., p. 283. 

66. The time and mode of applying manure should be ma- 
terially influenced by the character of the soil. There can be no 
doubt, but that by ploughing-in the farm-yard manure, in its recent 
or fresh state, we add most fertility to the soil. To add to this 
there is, in the case of clays, the additional advantage, that in de- 
caying the manure tends to open up or render the soil more loose 
and open. It would seem, however, that this explanation is opposed 
to applying recent manure to light soils ; nevertheless, if applied in 
autimin, no injury can result; on the contrary, it is found to increase 
the retentive power of the soil for moisture. There is one impor- 
tant consideration, however, in connexion with this subject; namely, 
is the soil capable of retaining the elements of fertility as they are 
liberated in the decaying manure ? Clay soils have this power, and 
the practice may with safety be carried out on those soils ; but owing 
to the facility with which water descends through sandy or light 
soils, and the little power they possess of taking up the elements 
which it dissolves out of the manure, we apprehend the practice 
of autumn-manuring is not a safe one on the lighter soils. 

67. When, and in what state, then, should farm-yard manure be 
applied to light turnip lands ? In answering this question, we may 
review its bearings : — 1st, by allowing manure to ferment, it diminishes 
in value; 2nd, if applied in a recent state in autumn and ploughed 
in, it is liable to be washed out of the soil; 3rd, it applied 
in a recent state at or before seed-sowing, it renders the soil 
still lighter and more liable to part with its moisture; and, be- 
sides, it will not have become available for the crops in due time. 
Under these circumstances, it is evident that the best system is to 
form the manure into heaps, in which, while it decomposes, loss of 
any of the liberated elements is prevented ; and to apply it under 
the seed in a pretty well decomposed state. 

68. In treating of manures, we will show that farm-yard ma- 
nure can be prevented from undergoing any depreciation in value, 
by carefully covering it with earth, peat mould, &c., in the heap. 
Manure should be covered in as fast as it is applied to light land, 
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and the eeed sown immediately after ; for on light soils, . the differ- 
ence of a few hours, and certainly of a day or two, may materially 
affect a green-crop. The manure, too, suffers injury by exposure ; 
but far more injury is done during a hot day by loss of moisture 
than by loss of the elements of the manure itself " The system 
practised by many, of dunging a great breadth of turnip-land at once, 
IS highly injudicious on the average of seasons, when it is desirable 
to retain moisture in the soil ; and those who follow such a course 
fail more generally' than they succeed in getting a regular braird. 
The land may lose by injudicious exposure, wim a rough surface, 
more moisture in a few days than it can obtain from an ordinary 
fall of rain.** Let the careless farmers reflect on this, and guard 
against the evil which it involves — an evil of serious moment. 

69. On the after-culture of green crops, on light lands, there is 
some difference of opinion. One agriculturist tells us, that we can- 
not too frequently employ the hoe and other implements, as the 
more finely pulverized the soil, the more moisture it absorbs. 
That this is true, there cannot be a doubt. The gardener always 
recognises the fact, and is incessantly hoeing and digging, &c. The 
farmer, too, is aware of it. But if it gives a greater surface for the 
absorption of moisture, it gives the same increased surface for the 
evaporation of moisture. We think clay lands cannot be too fre^ 
quently stirred, as thev absorb freely and part with moisture tardily. 
The case is different, however, with light soils, which should be 
only hoed just as frequently as is necessary to keep down weeds, 
and retain the surface open for the admission of air. The frequent 
horse-hoeings of high drills must prove injurious on light soils, 
especially when the implement ** cuts down the sides of the drills 
so much as to leave but a narrow strip of earth containing the 
plants, exposed to the sun*s heat on all sides."* Hand and horse 
implements must, therefore, be used with caution and discretion on 
light soils. 

70. The crops best adapted to light soils are bulbous-rooted 
plants, such as turnips, carrots, &c. ; also oats, barley, and rye. These 
follow each other in a regular course of cropping, suited to this 
class of soils. Light soils will not bear such frequent cropping 
with grain as clays ; nor will they all grow remunerative crops of 
wheat and beans, unless improved in texture by the addition of clay 
or marl, or some other means. They do not yield the more valuable 
farm plants, but produce abundant returns of the more useful crops.; 
Laying these soils down to grass is a frequent means of renovating 
them. As the roots of the grasses accumulate and decay in the 
soil, they add to it organic matter, in which sandy soils are natu- 
rally deficient ; this, besides directly increasing fertility, also gives 
them a degree of consistency which enhances tlieir value. It is 
for this reason that the five course (two years' grass) is better 
adapted to light soils than the four courae (one year s grass). If 



28 GENERAL CONSIBEKATIONS ON 

▼ery light, a six, &even, ot eight years' course may be followed, by 
which the land is in grass three, four, or fire years. 

71. By sheep*folding on turnips, many light-land districts hare 
been greatly improved : in some cases, the rental has been in* 
creased fourfold. We have examples of this improvement on the 
most extensive scale in Norfolk and other parts of England. The 
sheep consolidate the ground, and enrich it by their excre^ 
ments. It has been truly remarked, that " turnips are the sheet'- 
anchor of light-land cultivation." Thousands of acres of light 
lands, now yielding remunerating crops, would have remained in a 
worthless state, had it not been for the introduction of turnip 
husbandry, with all its various accompaniments of artificial manures, 
&c., which have in no small degree contributed to enhance the value 
of this class of doils. 

72. Among the other means of improving sandy soils, may be 
snentioned: first, green manuring, which adds organic matter to 
them. This consists in growing rape, turnips, buckwheat, or any 
other crop with an abundance of green foliage, and ploughing them 
in where they grow before forming their seeds; second, applving 
fiuma-yard manure, which is also abundant in organic matter ; tnird, 
peat, which also abounds in organic matter, and which should be made 
into a compost; fourth, claying; fiflh, marling, which is similar in 
practice and principle to claying. As the first three and the last 
of these processes belong to tne subject of manures, we shall notice, 
in this place only, the fourth, namely, claying. According to our 
definition of manures, cla}ring may be considered under that head ; 
nevertheless, it is so peculiar to sandy soils, that we may introduce 
it here. Clay has been applied to land in three ways : first, in its 
natural state, as dug from under, or found on the surface of the 
ground; second^ in a calcined or burnt state; third, in a compost 
with lime and other substances. It is of the first we are now to speak. 

73. The quantity of clay per acre necessary to be applied, in 
order to correct the bad qualities of a sandy soil depends : first, on 
the quality of the clay ; second, oh the character of the soil to be im- 
proved. If the clay be calcareous, it will resemble marl in itff 
effects. If it contains much alumina, it will impart the more 
firmness and retentivenesd to the soil ; and when the clay contains 
ochry or ferruginous matter (as many clays do), it will only injure 
and poison the soil. Clays, of a white sandy nature, are bad, but 
those of a pliable^ and more or less unctuous character, and of a solid 
consistency, are always safe. 

74. It takes 134 cubic yards to cover an acre an inch deep. 
This may not appear at first a heavy application ; but when it is 
considered that the ordinary depth of cultivation does not exceed 
eight or ten inches, it will at once be seen that this is a very heavy 
dose. The usual application may be said to vary from 58 to 120 
cart loads, the average being about 80. 
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Autumn or early winter is the usual time for appljing clay to 
sandy or light soils, as the weather is then likely to pulverise the 
clay and incorporate it with the soil. 

75. Calcareous Soils , which have lime for their basis, efltervesoe 
with acids, and are very extensive in this country, covering for 
the most part the limestone formation which extends over the great 
central plain of th« island. Generally speaking, calcareous soils 
incline more to the denomination light than heavy soils. They are 
never met with of such incoherency as light sandy soils ; but form 
sharp, kindly, and productive soils, not too difficult to labor. When 
there is much clay in calcareous soils they are wet and spongy, and 
difficult to manage; but when properly treated, yield good crops of 
wheat and beans included, &c. When much sand is present, they 
partake of the character of sandy €oils, and yield excellent crops of 
turnips and barley. In this case, too, the rotation and moae of 
culture should be similar to those adopted on light soils; in the 
former, the treatment should approach that of clay soils. Calcareous 
soil very generally rest on an open sub-soil. 

76. The five-crop course answers very well on the limestone soils 
of this country. These soils form excellent pasture for sheep. As a 
general rule, they are well adapted to the growth of useful crops 
and mixed husbandry. 

77. In England this class of soils (called chalk soils) are 
very abundant. They rest on the chalk formation, which covers 
a large area in the south of that country. When derived 
from the lower chalk formation, the soils partake of the char- 
acter of clay; when from the upper series, which is flinty, the 
soils are light, and are chiefly kept in permanent sheep-walks. 
They yield a short sweet herbage. The constant treading in' 
of the dung of the sheep, and the stimulating effect of their urine, 
gradually increase the quantity of vegetable and animal matter; 
and thus the turf becomes close and rich. But if this thin coat 
be disturbed by the plough and mixed with the chalk, it will, after 
one or two tolerable crops of corn, be reduced to its original 
sterility; and it requires ages to restore the fine pasture which 
once covered it. Such is the case with the Southdown Hills, in 
Sussex and Wiltshire, on which are kept the celebrated Southdown 
race of sheep. But the chaPi has in many places been carried down 
by the rain, and transported in a comminuted state to the sandy or 
clayey valleys around them, and by this mixture has greatly im- 
proved both, forming various loams and marls in them^lves liighly 
fertile, or very useful in increasing the fertility and texture of other 
soils. — {Rham). 

78. In treating of the foregoing classes of soils, we have not adhered 
to the table of classification, p. 16. Had we done so, it were necessary 
to treat of ** marly" as distinguished from *' calcareous soils,' according 
as they contained from five to twenty or more than twenty per cent.' 
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of carbonate of lime ; but the mere quantity of lime in a soil is not alone 
a practical criterion as to its value, nor is it always an exponent of its 
properties. The practical distinction between a marly and calca- 
reous soil, is that the latter is generally more open and porous. 
Marl varies very much in character. When it is a clay marl, the 
soil partakes oi the character of a clay soil; when sandy, the marly 
soil possesses the character of a sandy soil. I quote Voelcker's 

ANALYSIS OF A MARLY SOIL FBOM NEAB CIRENCESTEB. 



Organic matter and water of combination, 
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Oxide of iron and alumina, 






11-92 


Carbonate of lime, 
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LOAMY AND PEATY SOILS. 



79- There is no term more frequently used in speaking of soils 
than the word loam, the meaning of which is somewhat indefi- 
nite. Sir Humphrey Davy defines it as ** the impalpable part of the 
soil, which is usually called clay or loam ;" and Hugo Keid says, 
'* the term loam is applied to soils which consist of about one-third 
of finely-divided earthy matter, containing much carbonate of lime." 
At present the term loamy is applied to soils containing a sensible 
quantity of finely-divided and decomposed organic matter. Thus, 
if a sandy soil contains five or six per cent, of such matter, it may be 
called a sandy loam, in which state it is most productive. We use 
the terms clay loam and calcareous loam, when clayey and marly 
soils contain a pretty large proportion of organic matter. Voelcker's 
definition is very intelligible. He says, ** the term loam is reserved 
to all soils which contain the five chief constituents — siliceous sand, 
clay, lime, and vegetable and animal remains, in a high state of divi- 
sion, intimate mixture, and in such relative proportions that the 
quantity of lime does not exceed five per cent, nor that of clay fifty 
per cent." In well cultivated districts the great breadth of the land is 

loamy. 

80. All soils improve as they approach the state of loams. Clay^ 
loams are most valuable soils, and form the best and most widely- 
extended wheat soils of these countries. " A clay-loam," says 
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Stephens, " forms a lump by the squeeze of the hand, but soon 
crumbles down again. It is easily wetted on the surface with 
rain, and then feels soft and greasy ; but the water is soon absorbed, 
and the surface again becomes dry. It is easily wrought, at any 
time after a day or two of dry weather. It becomes finely pulverized ; 
is generally of some depth, forming an excellent soil for wheat, 
beans, Swedish turnips, and red clover, and of course oats, potatoes 
— in short, every crop; and is of a deep brown color, often approach- 
ing to red." We may class as clay-loams the fertile alluvial deposits 
on the margin of rivers, and which are next in richness and fertility 
to the richer garden moulds. 

Sandy and gravelly loam are also very useful soils, being neither 
too wet nor too dry, and if maintained in a state to really deserve 
the denomination, they grow all crops in average abundance. It is 
true that abundant manuring and judicious management are required 
to render them capable of producing good crops of wheat and beans; 
but they yield turnips, barley, and grass in perfection. 
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Silica, .... 


6319 


6163 


74-39 


73-64 


81-26 


Peroxide of iron, 


4-87 


6-23 


4-71 


4-92 


3-41 


Alumina, 


1404 


1424 


6-54 


9-38 


3-68 


Lime, .... 


0-88 


1-27 


1-39 


0-71 


1-28 


Magnesia, 


1-02 


1^39 


•74 


•84 


112 


Potash, .... 


2-80 


2-17 


1-71 


•16 


•80 


Soda, .... 


1-43 


1-04 


•67 


•03 
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Solphnric acid, . 
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•03 
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•20 


•09 


Phosphoric acid, 


•24 


•26 


•14 


•16 


•38 


Carbonic acid. 


•05 


•02 


•006 


•006 
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Organic matter, . 


8-55 


6-82 


6-82 


6*85 


2-43 


Water, .... 


270 


4-67 


4-42 


4-25 


2-60 


Loss, .... 


• • • 


... 


• • • 

100-24 


... 


•63 


99^8d 


99-86 


100-21 


100 



81. The classes garden and peaty soils of Hodges correspond with 
the general class moulds of other writers. * The term mould is a very 
vague one. " Any soil," says Voelcker, '* containing more than six 
per cent, of organic matter, whatever else its composition may be, is 
called a vegetable mould. Soils of the most opposite physical cha- 
racters are thus grouped together." An idea of the indefinite manner 
in which this term has been used may be learned from the fact that 
in the same page of the CyclopaBdia of Agriculture, in which this 
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definition is given, occurs the foregoing table ^* of analyses of loamy 
soils,** No 1 of which contains 8*55 per cent of organic matter ! 

82. Having already expressed an opinion as to the proper quantity 
of organic matter which should exist in fertile soils, it only requires 
here to treat of peaty soils, under which denomination all soils con- 
taining a superabundance of thb kind of matter are classed. 

83. The term bog should be restricted to a soil wanting firmness. 
It, too, is a rather indefinite term. (1) Thus if water is put up near the 
surface of the ground, the latter is rendered soft or boggy, or what 
we call a quagmire. Efficient drainage at once effects an improve- 
ment in such a case, if the soil contains the elements of fertility. This 
kind of bog occurs only in small isolated patches. (2). There are 
large tracts of bog in these countries which, in addition to incon- 
sistency and wetness, contain a vegetable formation more or less deep. 
This kind of bog is very abundant in Ireland, and is cut for turf, and 
subsequently reclaimed. This formation is called peat, '* a substance 
of vegetable origin, found wherever the soil has been soaked with 
water which has no outlet, and does not completely evaporate by the 
heat of the sun." According to Thaer peat differs from the ordinary 
humus, or vegetable mould of grass fields, woods, &c , only as having 
had a different origin. He defines it a kind of humus; but it re- 
quires an intermixture with such substances as lime, potash, &c., to 
neutralize its acid principles. 

84. A moor means an extensive waste, covered with heath, and the 
soil consisting of poor light earth, mixed generally with a consider- 
able portion of peat, ifosa or moss-land is frequently confounded 
with moor-land. The former has a vegetable origin, and has been 
produced by an accumulation of aquatic plants. '* When it has a 
considerable depth, and its substance has lost all power of vegetation, 
it forms peat-bog." Moss, peat, and bog, may therefore be treated 
together, while moor forms a soil distinct in its infertility and culti- 
vation. 

85. There is some difference of opinion as to the origin of our 
bogs* The most accurate and scientinc report on the subject is the 
paper which Mr. Moore, the able curator of the Royal Botanic 
Gardens, Glasnevin, read at the last meeting of the British Association 
in Dublin (1857). He divides Irish bogs into three classes:— 
(1) red bog; (2) brown bog; and (3) black bog. The first, which 
is the most valuable for fuel, and varies in deptn from ten to forty 
feet, is the most extensive species of bog in this country, being, 
according to the report of a Governtnent commission on Irish bogs^ 
upwards of a million of English acres, more than two-thirds of which 
is westward of the Shannon. The brown bog differs from the red 
in being differently colored by mineral matters, and being in a more 
decomposed and compound state. The black bog, which is some- 
times seen in isolated patches through the red bog, and appears, from 
the solidity and darkness of color of the matter of which it is com- 
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posed, to have been formed on the sites of small lakes, which have 
been slowly and gradually filled up by the decomposition of such 
floating plants as are now forming matter to fill up the water holes 
on flow bogs. By far the greater portion of black or turbary bogs 
appears to have accumulated on the sites of ancient forests, which 
either lined large portions of the country, or skirted along the 
margins of morasses, as is evident from the number of root-s and 
trunks of trees found in it. Mr. Moore says that the plants which 
now grow on the surface appear to have been those which formed 
the principal part of the peat. This variety of peat is the most 
valuable for fuel, owing to the large quantity of woody matter 
it contains, and varies in depth firom three to twenty feet or 
more. 

A variety of compact black bog is found at a higher elevation 
than any of those mentioned, covering large tracts on the slopes of 
mountains. On the drier slopes, where the fall is so great as to pre- 
vent water from lodging, the best kinds of peat earth for horticul- 
tural purposes are obtained, especially on sandstone formations, when 
the dSbria of the rock enters largely into the composition of the mass. 

Another variety of bog is found at a still higher elevation, and 
may, in consequence, be truly called mountain bog. It varies in depth 
from two to twelve feet, as mentioned in Portlock's report on the 
Geology of Londonderry, to the depth of the bog in Knocklayd at 
an elevation of 1,685 feet. The elevated mountains of Wicklow and 
Dublin are in many parts covered with this kind of bog.* 

86. Mr. David Page, in his advanced Text Book of Geology, says 
that " peat, which is a product of cold or temperate regions, arises 
chiefly from the annual growth and decay of marsh plants, reeds, 
rushes, equisetums, grasses, sphagnums, confervse, and the like, 
being the main contributors to the mass, which, in process of time, 
becomes crowned and augmented by the presence of heath and other 
shrubby vegetation. Peat-moss has a tendency to accumulate in all 
swamps and hollows ; and wherever stagnant water prevails, there it 
increases, filling up lakes, choking up river-courses, entombing 
fallen forests, and spreading over every surface having moisture 
sufficient to cherish its growth. It occupies considerable areas in 
Scotland and England, though rapidly disappearing before drainage 
and the plough; but it still covers a wide extent of surface in 
Ireland. It is found largely in the Netherlands, in Russia, and 
Finland, in North America, and in insular positions, as Shetland, 
Orkney, and the Falkland Islands. Besides the peculiar plants 
which constitute the mass, peat mosses contain the trunks of the 
oak, pine, birch, alder, hazel, willow, and other trees, together with 
their seeds, fruits, and cones — apparently the wrecks of forests 

* Vide " Gardener's Chronicle and Agricultiiral Gazette," of September 26th, 1867, in 
which Mr. Moore's report is published in extenso. 
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entengled and destroyed by the accumulation of the swampy peat, 

S rostrated by storms or felled by the hand of man. And, what is 
eserving of special notice, the trunks of many of those trees are of 
most gigantic dimensions in districts where now the same species 
struggle on for a stunted and dwarfish existence. Bones and horns 
of the Irish elk, stag, ox, and other animals, are found in most of 
our British mosses, with occasional remains of human art, as canoes, 
stone axes, querns, flint arrow-heads, &c., of the British stone 
period ; Roman weapons and coins that date to the 6r8t invasion of 
the island by the legions of Caesar; and not unfrequently th^ 
skeleton of man himself. Some of these fossils are comparatively 
modern ; others point to a period apparently coeval with the dawn 
of the human race."* 

87. The growth of bogs in Ireland is very rapid, amounting, 
in peculiarly favorable circumstances, to a depth of two inches in 
one year, according to the experience of Sir Richard Griffith .f 

88. We have upwards of 2,800,000 statute acres of bog in Ire- 
land, the greater part being in one connected expanse. If a line 
were drawn from Wicklow-head to Galway, and another line from 
Howth-head to Sligo, the space between these two lines, which 
would occupy about one-fourth of the entire superficial extent of the 
country, would contain about six-sevenths of the bogs in the island, 
exclusive of mere mountain bogs, and bogs of no greater extent than 
800 acres. The small bogs not included in the last tract are very 
numerous in some parts. In the county of Cavan there are about 
90 bogs, not one of which exceeds 800 acres, but which collectively 
contain 1 7,600 acres. Most of the bogs which lie east of the Shannon, 
and occupying parts of the counties of Kildare and King's, are known 
by the name of the bog of Allen, a name not applied indeed to any 
one great bog but to several, separated by ridges of high country. 
The surface of the land rises very quickly from the bog of Allen on 
all sides, particularly to the north-west, where it is composed, to a 
considerable depth, of limestone gravel, forming very abrupt hills. 
In places where the face of the hills has been opened, the mass is 
found to be composed of limestone, more or less rounded, varying 
in size from two feet in diameter to less than one inch. They are 

* In 1883, an ancient wooden house was found in Drnmkilin bog, near the north coast of 
Donegal. The roof of the house was four feet below the surface of the bog, and it is 
thought to have been sixteen feet below the surface before any peat was removed. It was 
twelve feet square and nine feet high. 

t It is not an unfrequent occurrence for bogs to burst out and suddenly cover large tracts. 
In 1835 such a phenomena occurred on Lord O'Neill's property on the Bally mena road, in 
the neighbourhood of Randalstown. On the 19th of September of that year, a rumbling 
noise was heard, as if under the ground, and immediately after the bog moved forward, ex- 
hibiting a broken and rugged appearance, with a soft peaty substance boilii^ up through 
the chinks. It remained in this state until the 22nd, when it again moved suddenly for- 
ward, covering corn-fields, potato-fields, turf-stacks, hay-ricks, &c. The noise made as it 
bnrst was so loud as to alarm the inhabitants, who, on perceiving the flow of the bog, imme- 
diately lied. It is said that upwards of 150 acres of arable land have been covered by this 
outbreak. 
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usually penetrated by contemporaneous veins of lidian stone, vary- 
ing in color from black to light grey. 

89« In the reclamation of peat efficient drainage should precede 
all other operations. And owing to the extremely great force with 
which this substance retains water, the effects of drainage are not so 
marked as we might be led to anticipate. Thus Schubler showed 
that ordinary sous retain about half their own weight of water — 
the lighter soil retaining less, and the heavier soil more of it. Pure 
humus retained nearly twice its own weight of moisture ; while Dr, 
Andei-son has shewn that peat of good quality, taken from the sur- 
face of a morass, was able to retain six times its own weight of 
moisture. It is quite evident, therefore, that in order to be efficient/ 
the drainage of peat must be very effectually done. 

90. In the subsequent process of reclaiming peat thete are cer- 
tain elementary principles which should be carefully observed-*— 
principles which though fundamental, have been little attended to, as 
IS fully evidenced by many of the essays that have appeared on the 
subject from time to time. Owing to the air having been for cen- 
turies more or less excluded from peat, it contains a peculiar substance 
named tannin or tannic acid, which is always found under such cir- 
cumstances, and which has the property of preserving vegetable 
substances like peat as well as animal bodies from undergoing decom- 
position. If the tannin be removed, or its antiseptic propeities coun- 
teracted, the peat readily enters into active decay. Now, lime forms* 
with tannin a soluble compound ; and hence by the addition of the 
former to peat, the latter is washed out of the soil by the first shower 
of rain that falls upon it after its drainage ; and the decay of the 
peat is at the same time induced, and its more rapid decomposition 
IS subsequently promoted by mixing it with decomposing farm-yard 
manure, liquid manure, or any other manure containing nitrogen in 
an active state. Any of the lime that is not required to neutra- 
lize the tannin hastens the decay of the peat. 

91. When there is considerable depth of peat, the most econo- 
mical mode of disposing of it is as fuel. 

92. When the underlying strata is of a clayey or calcareous nature, 
or when those materials are within reasonable distance of the peat, 
its reclamation can be economically effected. The peat itself con- 
tains all the elements required by our farm crops ; but these elements 
are so locked up in the structure of the dead plants as to be unavail- 
able. And besides, peat wants that stability which is essential for 
giving the necessary support to plants. There are, therefore, two 
obstacles to be encountered and removed, in order to convert 
peat into a fertile soil. We must render available the materials of 
which it is composed, and give it weight and firmness. In order to 
effect those desirable ends, it is usual to have resort to (1) burning the 
peat and (2) manuring it. 

93. There is, in peat, an undue preponderance of organic matter. 
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and a corresponding deficiency of mineral matter ; and the object of 
burning is to establish a proper equilibrium between these two classes 
of constituents. But to produce any decided change in the character 
of the soil, we must operate on a considerable bulk of it. Thus it 
has been shown that the uppermost ten inches of an acre of good 
arable land weighsat least 1,000 tons, which contains two or three tons 
of nitrogen, and 900 tons of mineral matter, of which from thirty to 
fifty are absorbable by plants, while the same depth of the peat 
i:eferred to as having been experimented upon by Dr. Anderson, 
weighed only 100 tons per acre, and contained only four tons of 
mineral matter ; so that even the complete burning of a layer of peat 
ten inches deep would go a very short way in converting a peaty 
soil into the condition of an ordinary arable one. At all events, it 
is quite apparent, that as a means of altering in any material degree 
the physical character of peat, we must not attach too great an 
importance to the burning of it : we must rather resort to other 
modes, such as claying, &c., for altering its mechanical condition, 
and bum occasionally, as a means of immediately rendering available 
a quantity of the mineral food stored, up in the soil. 
- 94. The application of clay to peat has been extensively and most 
successfully adopted. Numerous examples are recorded in the agri- 
cultural periodicals, and have come within the experience of every 
agriculturist. One of the most striking instances is presented to us 
in the peats in the south-west of Norfolk, and which vary from two 
to twenty feet in depth, and rest on a substratum of clay which is 
dug from the beneath the peat, even when the latter is twenty feet 
thick. The "border fenny peats, skirting higher ground have been 
improved by expensive dressings of clay, marl, chalk, and sometimes 
sand. Extraordinary dressings of these earths, viz., from one hun- 
dred to three hundred tons per acre, are applied, and a rush-growing 
morass has, by these means and by draining, been speedily converted 
into fruitful corn fields. Such dressings may be considered too much 
at once ; but they are required to consolidate the peat, some of which 
is so light that on losing water it blows away." 

95. Professor Tanner, in his report on tne agriculture of Shrop- 
shire, gives at once the cause and the cure of peaty formations 
met with in parts of that county. " I attribute," he says, " the for- 
mation of those peats to springs rising from the old red sandstone 
rock, and carrying up a quantity of iron dissolved in the water, which, 
on being exposed to the air is thrown iJown and amalgamates with 
the particles of sand, producing a conglomerate mass, or moor-pan, 
from four to eight inches beneath the surface. The moist soil rest- 
ing upon this produces aquatic plants and mosses, which, after many 
years, produce a bog or moss. By opening up this pan, we dry the 
bog, by producing an outlet for the water."* 

* J.;R. a. S. E., vol. xix. pp. 47-8. 
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We may, however, say with Mr. Sewell Read, that it is an almost 
hopeless task to attempt the reclamation of peat when neither clay 
nor marl is available. " There is no hope," he says, " of improving 
a poor peat eighteen feet deep resting not on clay, but on a rising 
sand." But when, as already remarked, clay or marl can be com- 
manded, we may reasonably and confidently expect that peat can 
be reclaimed with a prospect of not only giving a remunerative re- 
turn to the individual who is enterprising enough to invest in the 
work, but also of becoming of national importance in increasing the 
surface of land available for producing Bread stuffs, and of vastly 
benefiting the laboring man, to whom the reclamation of the broad 
acres of our waste lands is an object of deep interest* 



CHAPTER VI. 

SOME PHYSICAL AND OTHER PROPERTIES OF SOILS. 

96. Believing that too little attention is at present bestowed by prac- 
tical men on the more important physical and other properties of 
soils, we^conclude this Essay with a chapter on the subject. 

We mean by the physical, as distinguished from the chemical, 
properties of soils, those external characters that are more or less 
apparent to the senses, and which practical men possessing no very 
profound knowledge of the physical sciences, can understand as cer- 
tain, and turn to profitable account in the management of land. 

97. The most important physical properties of a soil are: — 1st, 
specific gravity ; 2nd, state of sub-division of the particles ; 3rd, 
adhesiveness; 4th, its power of absorbing and retaining moisture; 
5th, its capillary attraction ; 6th, the degree to which it contracts 
on drying; and 7th, its color and relations to heat. We will 
briefly consider each of those properties, and, 

1st. Specific gravity of soils, by which we understand the weight 
of a given bulk of them, as compared with the same bulk of other 
bodies ; water is taken as the standard for comparison. The specific 
gravity is ascertained by a common phial or bottle, capable of contain- 
ing 3 or 4 oz. of water. — Counterpoise the bottlefull of water on a 
delicate balance, and then empty 1,000 grains of the water, after 
which introduce the soil (and the specific gravity is usually ascer- 
tained in the dry state) in the phial till the water rises to the level 
which it previously occupied, and the weight of the soil introduced 
is its specific gravity. This method is not perfectly correct, as not 
only is a portion of the soil dissolved in the water ; but the latter 



38 SOME PHYSICAL AND OTHBK PBOPE&TIE8 OF SOILS. 

enters the pores of the fonner.* The per-centage of the soil soluble 
in water is, however, so very small, that the resalt is sufficiently 
accurate for practical purposes. Tested in this way, we find tlie 
soil of the Model Farm, Glasnevtn, has a specific gravity of 2*25 
(water being represented by 1), and the sub-sou 2 43. A very simple 
mode of ascertaining the weight of a cubic foot of soil in a dry 
condition, is to weigh an exact imperial half j«nt of it, and multiplying 
this by 150 (Johnston). According to this rule, we have found that 
on the 21st April, 1859, a cubic foot of the soil above referred to 
weighed 94 lbs. In this state its specific gravity would be about 
1*5 ; and an area one foot deep would weigli 182 tons. Representing 
the weight of a cubic foot of siliceous sand by 1, a cubic foot 
of pure clay would be about 0*7. A cubic foot of peaty soil would 
be from 0*3 to 0*45. It is evident, therefore, that the specific weight 
of a soil enables us to form an opinion of the amount of sand or 
vegetable matter contained in it, and must not, therefore, be neg- 
lected by the land valuer. 

98. The state of sub-division of the particles of the soil exercises 
considerable influence on its productive powers. The more we 
comminute the soil the greater the surface it presents for the 
absorption of the ammonia, &c., of the air; and the more effectually 
the air acts in rendering available its dormant mineral constituents. 
Some idea of the large surface presented by porous bodies may be 
formed from the fact, that a cubic foot of charred wood, the cells of 
which have been estimated at moo of an inch in diameter, presents 
a surface of 73 square feet, available for the absorption of gases. 
Charcoal has been found to absorb thirty-five times its own bulk of 
carbonic acid — one-third of which is supposed to be condensed in 
the pores of the charcoal in a liquid state. The humus of the soil 
somewhat resembles charcoal in its action in absorbing gases ; and 
clay, even when taken from a very great depth beneath the surface 
of the ground, has been found to contain a considerable quantity of 

ammoniaf 

99. Dr. Kroker, one of Liebig's ablest pupils, has shown that soils 
contain a quantity of ammonia, compared to which the amount 
contained in an average crop of wheat or turnips, or in an ordinary 
dressing of manure, is insignificant. And Liebig himself has 
estimated that an acre of soil, to the depth of a foot, and assuming 
the specific gravity at 1*5,* contained 

Ammonia per acre. 

From the garden attached to his own house . 22 960ths. 
From a wood in the vicinity .... 20 910ths. 

* Owing to its porosity, Liebig diminishes the specific wdght of a soil examined by him 
from 2'2Jb (aseertained sua above recommended) to 1*5. Making this redoction in the spe- 
cific gravity o£the soil of the Model Farm, a cubic foot of it, in a dry state, weighs about ddlbs. 

t A subsoil of tertjary drift four feet beneath the surface contained two cwt. of am- 
oumift per acre, equal to 12 J cwt. Peruvian guano. 
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A tobacco soil from Cuba, never manured, contained per acre 
14,350th of ammonia. Liebig*8 Has also shown that'* clay, alumina, 
and peroxide of iron, all of which are present in the most fertile 
soils, possess a most remarkable power of absorbing ammonia from 
the air," and contends that as fertile soils have the power of absorbing 
ammonia from the air in such abundance, this substance may be 
partially if not wholly dispensed with in manures. 

100. In practice, however, itis found that remunerative crops cannot 
be raised, even off land containing in its pores a large quantity of 
ammonia with non-nitrogenized manures. We find, for example, 
that the soil of the Model Farm as analysed by Dr. Hodges contains 
0.29 per cent, of nitrogen, equivalent to 035 per cent, (h ammonia, 
which gives 1436^1b8. ammonia per statute acre, or about sixteen 
times the quantity contained in about 5 cwt. Peruvian guano, the 
most concentrated ammoniacal manure we possess ; and yet on the 
same soil ammonia, as an ingredient of manures, cannot be dispensed 
with. We are, therefore, forced to conclude that the ammonia naturally 
present in soils is not all in an available state for ministering to 
vegetable nutrition ; or as Way suggestively asks, " is it too tightly 
locked up in the soil?" If we answer in the affirmative, it is 
very important that we should discover a key that would loosen 
the vice which grasps it. Now, Way has demonstrated that in the 
presence of water lime sets free from the soil, as nearly as possible, 
one half of the ammonia; and, it is, to say the least of it, a question 
which concerns the practical man, if a moderate application of lime, 
which would cost very little, would not in such a case have a better 
effect on heavy soils than a costly application of ammoniacal 
manures in the shape of guano * 

The remarks just made show, at all events, the great im- 
portance of thoroughly pulverizing the ground, by which we 
increase its power of absorbing ammonia from the air, the increased 
absorption being in proportion to the state of sub-division to which 
the soil is reduced, and the frequency with which the air in its pores 
is renewed. 

101. The adhesiveness of the soil concerns the practical man, so 
far as it enables him to judge of the support it is likely to give 
plants, as well as the amount of motive power expended in draw- 
ing the various implements of tillage through the soil. This 
property depends upon the constitution of the soil; thus clay causes 
a greater draught than sand: while a sandy soil, when moist, offers 
a resistance to the passage of agricultural implements through it 
of four or five lbs. to the square foot of surface, clay gives a resistance 
of from 81bs. to 201bs. to the square foot. 

102. The power of absorbing and retaining sufficient moisture to 



J. R. S. A. England, Vol. xv., p. 512. 
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meet the wants of vegetation is one of the properties which 
give fertility to soils. It is well to di8tinguish(a) the power of 
absorbing moisture from the air, from (6) the property of retaining 
water. 

a. As regards the power of absorbing moisture from the air, it may 
be remarked that it has been found that the rain is not adequate to 
aflTord moisture enough for the growth of crops ; the moisture ab- 
stracted from the air, and condensed within the pores of the soil, being 
an essential source of conveying nourishment to plants. Thus, if we 
assume the rain's fall at thirty-six inches, and that one-third of this, 
or about 3,000,000lbs. per acre, becomes the vehicle for carrying 
food into plants, and assuming the water to have the composition of 
the drainage waters examined by Way, a crop of potatoes, e.g,^ would 
receive from a hectare (2^ statute acres) of four of the fields whose 
drainage waters were analyzed, not a single pound of potash ; from a 
hectare of two other fields somewhat more than one pound ; and from a 
seventh hectare 21bs. of potash, while a crop of potatoes yield per 
hectare 2001bs. potash. Liebig argues from facts like these that 
plants themselves, as organized beings, perform a part in appropri- 
ating food directly by their roots, without that food being in solution. 
Instead of at present accepting this theory, let us rather seek an ex- 
planation of the discrepancy between the quantity of mineral matter 
which rain water may carry into plants, and the quantity of this 
matter found in the ash of plants, in the large amount of moisture 
which we know soils abstract from the air, and condense in their 
pores. 

103. Sir Humphrey Davy, thefather of modem agricultural chemis- 
try, has been censured for promulgating an idea which he entertained ; 
namely, that the fertility ^f soils depended upon the property of 
absorbing moisture from the air. Now, while we would not accept 
the general deduction of that immortal pioneer (for peat and un- 
manageable clays possess the power of absorbing the moisture in an 
eminent degree), yet we are of opinion that this property has been 
too much neglected in our own day. 

Davy found that all fertile soils possess the property under review 
in a very high degree. Thus, when made perfectly dry, he found 
thatl,0P01bs. ofa 

Dry fertile loam from East Lothian gained in one hour, 

„ „ from Somersetshire, 
Soil from Mersea, Essex, worth 46s. per acre, 
Sandy soil from Mersea, Essex, worth 28s. 
Coarse sand, worth only 16s. per acre, . 
Soil of Bagahot Heath, 



ISlbs. 


moisture. 


16 




13 




11 




9 




8 





The following table gives the moisture absorbed by 1,000 grains 
of dry earth on a surface of 50 square inches in 72 hours. 
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Grains. 

Siliceous sand, 

Powdered gypsum, 1 

Calcareous sand, 8 

Arable soil, 23 

Sandy clay, .28 

Slaty marl, 83 

Loamy clay, 35 

Fine lime, S6 

Stiffclay,". -21 

Pure grey clay, 49 

Garden mould, 52 

Fine magnesia 82 

Humus, 120 

In order to ascertain the power possessed by a soil for absorbing 
moisture, spread on a common saucer or small plate 1,000 grains of the 
thoroughly dried earth, and place on it a flat-bottomed dish contain- 
ing some water, and invert over it a wide jar, and after having stood in 
a room protected from the sun for twenty-four hours, the increased 
weight will show the amount of moisture it is capable of ab- 
Borbing. (Hodges.) 

104. 6. The degree of cohesive force with which the soil retains 
water is also very important, and is readily ascertained by putting 1,000 
grains or so of the dry soil in a funnel having a double '* filter," and 
pouring water gently upon it until the latter begins to drop from the 
funnel, when the increased weight of the earth shows the degree of 
moisture the soil is capable of retaining. It has been found that 
water begins to drop, in this way, from lOOlbs. of 

Quartz sand, when it has absorbed 251bs. water. 

Calcarious sand, „ 29 „ 

Loamy soil, „ 40 „ 

English chalk, „ 45 „ 

Clay loam, „ 60 „ " 

Pure clay, „ 70 „ 

Surface soil of the model farm,* 69 „ 

Subsofl,* „ 48 „ 

The warmer the climate the more the value of the soil is enhanced 
by its power of absorbing and retaining moisture ; but where rain 
falls in heavy and frequent showers it is not desirable that a soil 
should possess the property of retaining moisture in a very high 
degree. For instance, we know that clay and peaty soils retain 
the greatest quantity of rain water ; but owing to the loss of heat 
in evaporating it, this very property renders them the coldest soils 
in cultivation. 

105. Every school-boy knows the nature of capillary attraction; 
but farmers are always aware of the great iixiportance of the capillary 
action of soils. As the rain water sinks and accumulates in the 
subsoil, it rises again through the capillary openings in the soil, 

* Of the water thus absorbed the surface soil lost by evaporation in four hours 1*8, 
and the subsoil 8 per cent. 

a 



42 SOME PHYSICAL AND OTHER PROPERTIES OF SOILS. 

as water rises in a sponge ; and " hence, when there is an access 
of water in the subsoil, for want of drainage, &c., this capillary action 
keeps the soil always moist and cold." 

Sandy soil, and such as contain much vegetable matter, being 
most open and porous, possess this property in the highest degree. 
Professor Johnston maintains *' that in sandy soils, and generally 
in all light soils, of which the particles are very fine, this capillary 
action is intimately connected with their power of producing re- 
munerating crops. These soils absorb the falling rains with great 
rapidity, and these carry down the soluble matters, so that when 
the soil becomes soaked, and the water begins to flow over its 
surface, the saline matter being buried deep, is in liitle danger of 
being washed away. On the return of dry weather, the water re- 
ascends from beneath, and again diffuses the soluble ingredients 
through the upper soil." * 

106. In drying, all soils, except sand, shrink or contract; and the 
more clay or vegetable matter a soil contains, the more it swells by 
saturation with water, and the more it contracts on drying — the more 
it swells and shrinks in changes of wet and dry weather. The great 
contraction that takes place in strong clays exercises an injurious 
effect on the tender roots of plants ; while, in medium soils, the com- 
pression is more uniform, and the roots are enabled to throw off new 
shoots in all directions. 

According to Schiihler, 100 parts of — 

Silicious sand shrinks, in drying, 

Sandy clay, 

Loamy clay, . 

Brick clay, 

Grey pure clay, 

Garden mould, 

Arable soil, 

Hamus, 

107. It is established beyond all doubt that the progress of vegetation 
is in direct proportion to the heat of the medium in which the plants 
are placed. Look at the difference between the vegetation of the 
torrid, and temperate, and frigid zones ; all traceable to the difference 
in temperature. Look to our hot-houses, in which, by increasing the 
heat, we grow plants natural to warm countries. And in the open 
fields a difference of a few degrees between the temperature of the 
summer months, in two consecutive years, affects the produce to a 
wonderful, often to a calamitous extent. Now, as different soils 
possess very different powers of absorbing and retaining the heat of 

* The saline incrustations seen on the surface of the soil in summer are caused by the 
rising, in this way, from beneath, of the water, each particle of which brings with it a 
particle, however small, of saline matter, (for such waters are never pure,) which remains 
behind when the water is evaporated. Large crusts found in this manner are to be seen, 
in dry seasons, in Greece, Egypt, India, and many parts of Africa and America, (See 
Johnston's Lectures, p. 536.) 
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the sun's rajs, it is very iraportant to study the relation of soils to 
heat. 

108. Let us premise two axioms : — 1 st, that all bodies (soils incIaded^ 
which absorb neat most speedily, part with it by '* radiation," as it is 
called, most readily when exposed to cold ; 2nd, that dark-coloured 
bodies (soils also included) absorb heat most rapidly — in other words, 
the lighter in color a body is, all other things being the same, the 
less heat it absorbs. 

109. It is evident, then, that the color of soils exercises an important 
influence on their value. It is found that brown and reddish soils 
acquire comparatively high degrees of temperature, and are con- 
sidered warm. Yellow, pale, and bluish gray, comprising most of 
the argillacious soils, are cold. Yellowish grey, dull red and dull 
brown are little altered in color by ordinary cultivation and manur- 
ing; while yellowish, bluish, and bright red soils become darker by 
culture by this means. Black and brownish soils attain a tempera- 
ture from 3® to 8® higher than soils of light color. While the ther- 
mometer stood at 77^ in the shade, in August, Schiihler found sand 
of a natural (light) color, indicated a temperature of 112^®; white 
sand, 110^ ; and black sand, 123^^. It is worthy of remark that 
with surfaces of the same color, Schiihler found that the materials 
ciJniposing the soils made little difference in its capacity to become 
heated, provided they were in the same states as to dryness ; sand, 
clay, loam, garden-mould, &c., showing very little difference with 
the thermometer ! 

110. Wecannot fully agree with Schiihler that the material compos- 
ing the soil makes little difference in its relation to the absorption and 
retention of heat. It has been found that the mean temperature of 
the clay slate in Cornwall is nearly 4o higher than that of gra- 
nite — a result which can scarcely be owing to difference in color 
alone. 

111. In passing through the air the calorific rays* of the sun suffer 
considerable diminution. The loss has been variously estimated 
&om 19 to 41 per cent, as it reaches the surface. Had the sun's heat 
not been felt at all, it has been estimated that the temperature of the 
surface of the earth would throughout be uniform at — 128® F. 

112. Independently of the color of the surface, the amount of heat 
which the sun imparts is in proportion to the perpendicularity of its 
rays. Taking the loss of radiant heat in its vertical passage through 
the air at only 25 per cent., at an angle of elevation of 25°, the ori- 
ginal force of the sun's rays would be reduced to one-half, and at an 
angle of 5®, to one-twentieth. 

113. There is^always a great difference between the temperature of 

* The sun's rajs possess calorific or heat-giying properties; 2nd, luminous or light-giying 
properties ; Srd, chemical properties, or power to induce chemical changes; 4th, the power 
of indnciDg phosphorescen-^e. 



44 



SOME PHYSICAL AND OTHER PROPERTIES OF SOILS. 



the soil and surrounding air. In our Britisli summers the temperature 
of the soil rises to llOo, and sometimes to 150°, while the air in the 
shade is between 70o and 80**. This is a most important circumstance ; 
the increased temperature acquired by the soil directly stimulates 
vegetation, and promotes the decay of the constituents of the soil. 

And, again, in cold weather, the temperature of the air at the 
height at which thermometers are usually kept (four or five feet), is 
greater than at the surface. This arises from the eflFects of radiation 
and evaporation. Thus Dr. Jamieson found at half-past p.m. the 
thermometer in the air stood at 313 F. ; on snow, 18'2. 

114. In inquiries of this kind, it is important to compare the conditions 
of the mere surface-soil with what lies beneath, as there are diurnal 
and annual variations of temperature ; the former are not considered 
to extend to a greater depth than about three or four feet ; the latter 
cease at firom 65 to 80 feet. 

" The soil," says Sullivan, ** to a depth of about three feet and 
a-half, is subject to all the changes of temperature which take place 
in the air, not even excepting the diurnal variation of temperature ; 
but the time of maximum and minimum temperature in the soil at 
th^ depth of a yard takes place from six weeks to two months later 
than in the air. Below the depth of four feet the temperature remains 
almost constant; in fact, the temperature at that depth may be con- 
sidered as the mean animal temperature of the place. *' 

Leslie made experiments in reference to this point, of which 
the following table gives a summary : — 



Depth of 
Thermometer. 


Maximum Tem- 
perature during 
three year. 


iVfinimum Tem- 
perature during 
three years. 


Range during 
three yeant. 


Feet 

1 
2 
3 
4 


Deg, F. 
68- 
56- 
64- 
61-6 


Deg. F. 
33- 
54- 
39- 
42- 


Deg. F. 
26- 
20- 
IS- 
O'S 



The experiments were made in a gravelly soil, which turned into a 
quicksand at four feet deep. During the three years the frost did 
not penetrate one foot into the ground. 

Professor Forbes, of Edinburgh, found the annual range of tempe- 
rature at a depth of three to two feet to vary in different strata 
as follows, being a mean of three years : 



In trap tufa, 

In loose sand, 

In compact sandstone, 



Deg. F. 
17-41 
1986 
17-41 



For an equal change of temperature to be sensible to a depth of one 
foot 7*5 days are required in case of trap tufa, 71 days in loose sand, 
and 4'9 days in compact sandstone. 
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M. Quetelet, of Brussels, gives the results of his observations from 
1834 to 1837 :— 



Depth in English Measure. 


Annnal range; 


Ft. In. 


Deg. Fah. 


7i . 


23-90 


16. 


22-39 


2 6. 


20-43 


8 3. 


1904 


6 6. 


13-66 


12 10 . 


8-08 


26 7 . 


2-03 



Josiah Parks made some interesting observations on the temper- 
atare of the red moss of Lancashire, some of which are recorded in 
his essays on drainage. The depth of the bog where the observa- 
tions were made was nearly thirty feet; and it was found that its 
temperature, from a depth of twelve inches downwards to the bottom, 
was uniformly 46°. F. 

115. It has been said that those soils which absorb heat most rapidly 
part with it most, freely. Taking for illustration three soils, it has 
been found that a peaty soil cools as much in one hour and forty-three 
minutes as the same bulk of clay in two hours ten minutes, or of sand 
in three hours thirty minutes. Hence, another reason why sandy 
soils are warm ; and remain so for a longer time after the sun sets. 
" But on soils which cool the soonest, dew will first begin to be de- 
posited; and it is doubtful, when the soils are equally drained, 
whether, in summer weather, the greater proportion of dew deposited 
in the clays and vegetable moulds may not more than compensate 
for the less prolonged duration of the elevated temperature derived 
from the action of the sun's rays " The earths possess the power of 
retaining heat nearly in pjoportion to their specific gravities. 

116. Though theforegoingconsiderationonthephysicalpropertiesof 
soils are based on scientific data, yet they are not without practical 
value, as they make us acquainted with laws which may be made 
subservient to increasing the productiveness of a soil. We know 
that famine is often produced when the summer temperature falls 
short of that degree of heat which is essential to bring our cultivated 
crops to maturity ; and even a difference of a degree or two in 
our summer temperature may seriously affect the interests of man- 
kind. 

117. Now, there are several meansby which the practical farmer may 
increase the temperature of his soil to a degree which will enhance its 
value. The addition of farm-yard manure, peat-mould, soot, and all 
dark colored substances to light colored soils, increases their power of 
absorbing the heat of the sun's rays ; and applications of sand gives 
to a soil greater power of retaining the temperature which it requires. 
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The occasional mixture of soils, therefore, when it can be done ecco- 
nomically, is a practice to be commended. As a general rule it may 
be stated that we can render light-colored soils darker in tint, and 
consequently warmer by cultivation, laying them down to grass, and 
by applications of the manures already named. 



Perhaps it may be well to explain that my object in writing this 
Essay has been, not to instruct professional agriculturists, or those 
farmers who may have made agricultural chemistry a study, but to 
put forward, in a plain and popular style, certain views that are not, 
in my opinion, as generally known as they deserve ; and to throw 
out matters which are entitled to the serious consideration of practi- 
cal men. 
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Westhaven, Carnoustie, N.B., 
17th November, 1858. 
Dear Sirs, — I now send you the resalt of 
some trials made here this season, with various 
artificial manures applied to Swedish Turnips. 
The field, a light sandy loom, in fair condi- 
tion. The turnips came well away at first, 
and had a fair trial in every respect The 
same value, 56s. per Cunningham or Scotch 
acre, was applied to each lot, with the excep- 
tion of Phospho-Peruvian Guano, which, by 
mistake in the weighing, got 5^ instead of 4^ 

cwt. per acre. 

Tons. Cwt 
Ut l4>t, OiblM' PanTian Onano, yielded 14 Ifi 
id ,, Odam'8 Blood Manure, „ 

8d „ i Ditto, and hatf OiblM, 

4th ,, I Phoapbo-PeruTian Goano, ,, 
halfGiblM, „ 

0fli „ Pho^tao-PeruTian, alone, „ 

Tn former years I had tried many experimoits 
with other Manures, especially Bones, pre- 
pared in difi^erent ways, and had come to the 
conclusion that there was no substitute for 
Gibbs' Peruvian. I am very much pleased to 
find that the Blood Manure is an exertion, 
and shall use it to a considerable extent next 
season. 

I am, dear Sir, yours truly, 
DAVID ANDERSON, of Levitstown, Athy. 
To Messrs. D. Rogerson and Co. 

ANALYSIS TURNIP MANURE. 

The Company guarantee, either by Profes- 
sor Way or Dr. Anderson's analysis, every bag 
of Manure to contain 18 to 25 per cent Solu- 
ble Phosphate of Lime, and from 1| to 2 per 
cent Ammonia, equal to from 6 to 8 per cent 
Crystallised Sulphate of Ammonia. 

CORN MANURE. 

The Company guarantee the Wheat Manure 
to contain from 12 to 15 per cent Soluble 
Phosphate of Lime, and from 4 to 5 per cent 
Ammonia, equal to from 16 to 20 percent. 
Crystallised Sulphate of Ammonia, besides 
Alkaline Salts and other fertilizing ingre- 
dients. \ 

SUPERPHOSPHATE OF LIME. 

The Company also manufacture this article 
of superior quality, and strongly recommend 
its application for turnips, at the rate of about 
5 to 6 per cwt. per acre. 

THE HIBALDSTOWE CHALLENGE 

CUP, 

open to all England. 

was awarded for this Manure, in competition 
with twenty others, on the 16 th November, 
1858, to Mr. J. B. Horner, the Company's 
Lincoln agent for this Manure. The Cup bears 
the following inscription : — 



** HiBLA.u>sTOWE Chaixenob Cup, Open to 
all England, awarded to ^r. J. B. Horvkr, 
of Lincoln, for the best one acre and a-half of 
common Turnips, grown on the farm of T. M. 
RiCBABDSOir, Esq., with OdamU Superpboi- 
phate in competition with other artificial 
Blanures. 

ANAI.TSI8. 

The Company guarantee the Superphos- 
phate of Lime to contain from 20 to 25 per 
cent Soluble Phosphate. 

The Company beg to caution the public 
against the attempts of spurious imitators, 
who, since the introduction of this manure, 
have professed to make one possessing similar 
qualities. As security, therefore, to the pur- 
chaser, every bag containing two cwt is 
marked " Odam^s Patent Blood Manure^ and 
sold only by the authorized agents of the 
Company. 

Agents for Ireland : 
D. ROGERSON & Co., 

20, WEST ARRAN-STREET, DUBLIN. 

Paper Stores, Account^ Book Manufactory, 
Letterpress and Lithographic Printiug-Office, 

21, NASSAU-STREET, DUBLIN. 

THE FARMER'S ACCOUNT-BOOK: 

based on sound principles, and 

Adapted to the Spirit of Modern Agricultural 

Statistics. 



BY T HO HAS BALDWIN 



» 



Lecturer on Agriculture at the Albert 

Institution, Glasnevin, 

Price 7s. 6d. ; Free by Post, 8s. 2d. 



Browne & Nolan, 21, Nassau-st, Dublin. 

GENERAL SEED ESTABLISHMENT, 

NURSERY GROUNDS, &c. 

FERGUS FARRELL and SON, 

(Seedsmen to his Excellency the Lord 

Lieutenant,) 

ARE always well supplied with the finest 
description of Agricultural Seeds, on the 
roost extensive scale ; also Garden and Flower 
Seeds of the most approved kinds, including 
all the New Varieties, which are always added 
as soon as they are introduced. 

Their Collection of Agricultural Grasses, as 
now exhibiting at the Agricultural Museum 
of the Royal Dublin Society, are cousidered 
by the Committee of that Society to be the 
choicest and most extensive assortment ever 
produced in this country, and for which they 
were pleased to award thein the Society's Larg« 
Silver Medal. 

Their Nurseries are well stocked with Fruit 
Tree^, of the choicest sorts, correctly named ; 
also Forest Trees, and Ornamental Shrubs, 
Thorn Quicks, &c., &c. 

120, CAPEL-STREET, DUBLIN. 
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NEW AGRICULTURAL NEWSPAPER, 

Published on every Friday Evening, in time 

for Post 

TUB WEEKLY 

AGBICULTUKAL REVIEW 

AND 

IRISH COUNTRY GENTLEMAN'S 
NEWSPAPER. 

EDITED BT PROFESSOR CHARLES A. CAMERON, 

Assisted by eminent scientific and 
practical writers. 
ri'^HE proprietors of the New Joamal havere- 
I solved to spare neither expense nor troable 
in making it a worthy representative of the 
Agricultural literature of the country. They 
are happy in being able to state that their 
project has the warm approval of many dis- 
tinguished patrons of Agriculture; and the 
co-operation of some of the most eminent 
Agricultural writers, not only in Ireland, but 
also in the sister countries, has been secured. 

Each number contains original articles on 
Practical Agricidture, Horticulture, on the 
Breeding, Rearing, and Curative Treatment of 
Stock, and on the various sciences which aid 
the progress of Agricultuml knowledge. There 
is also given a weekly resume of Sporting 
Intelligence, which cannot fail to prove interest- 
ing to those who enjoy the pleasures of the 
chase, or are devoted to the rod and the gun. 

Accurate reports of all important Agricul- 
tural Meetings and Shows are given, and the 
various improvements effected in Agricultural 
Implements and Machinery are chronicled and 
critically noticed. 

The leading Com and Cattle Markets in 
the United Kingdom are fully and correctly 
reported ; those of London, Liverpool, Cork, 
&c., on Friday, the day of Publication, are 
given under the bead of '* Latest Intelligence." 

The Weekly Agricultural Review, as its 
name imports, is mainly devoted to the various 
branches of rural industry ; but articles bear- 
ing on questions of general social interest 
find place in its pages. 

An interesting feature in the New Journal 
is its News Department, in which will be found 
an ample and correct summary of the Week's 
News — Foreign and DonicAtic. Arrangements 
have been made by which the Latest Intelli- 
gence by Telegraph is received at the Review 
Office immediately before publication. 

Whilst the pages of the Weekly Ag? icultural 
Review will be open to fair and legitimate di»- 
cuasion and criticism, everything personal, or 
in which the general reader would not be likely 
to feel interested, shall be strictly excluded. 

As the Proprietors hope to have their Paper 
read by persons of every shade of political 
and religious opinion, they will, under no cir- 
cumstances, permit the insertion of articles 
having a sectarian or polemical tendency; 
neither will they insert those objectionable 



advertisements, which too often render other- 
wise interesting and instructive newspapers 
unfit for the family circle. 

Rate of Subscription to " TTie Weekly Agricul- 
tural Review'^ (payable x» advance^ : — 
STAMPED. jC s. d. 

Yearly, - - 10 

Half- Yearly, - 10 

Quarterly, ' - - 6 

Post-Office Orders and Cheques to be made 
payable to Mr. John M. O'Toole, for the 
Proprietors. 

WEEKLY AGRICULTURAL REVIEW 

OFFICE, 
7, GREAT BRUNSWICK-SREET. 

DUBLIN MANURE COMPANY'S 

OFFICE, 
20, Usher's-quat, Ddblin. 

THE DUBLIN MANURE COMPANY 
beg to call attention to the fact that the 
high price of Guano, its constant adulteration, 
and the impossibility of any one distinguishing, 
by the unaided senses, adulterated samples 
from the genuine Peruvian, together with its 
evanescent effect on the soil, renders the use 
of a more permanent Manure a matter of 
necessity: — nearly all the Artificial Manures 
in use have been imported at a greatly in- 
creased outlay on the Jirst cost, to cover tran- 
sit and other charges. 

The Dublin Manure Company has been 
established in order to put an end to a system 
so anomalous, and to apply the recent improve- 
ments in Agricultural Chemistry to a commer- 
cial undertaking on a large scale. With this 
object. Steam Engines, Vitriol Works, and 
powerful Machinery have been erected to manu- 
facture Artificial Manures of all kinds. 

The Company being fully impressed with 
the conviction, that to insure success they 
must deser\*e it, are determined to manufac- 
ture nothing but a good article, at a fair re- 
munerative price ; and all that they respect- 
fully solicit, in the first instance, is a trial, 
when, if their professions are not realised, it 
cannot be expected that public patronage 
will be continued. 

JOSEPH WONFOR, General Manager. 

PRICE ONE shilling. 

HAND-BOOK TO THE MODEL FARM, 

GLASNEVIN, 

Br THOMAS BALDWIN, 

Lecturer on Agriculture. 

THIS little volume gives a concise notice of 
the varieties of crops cultivated, the im- 
plements used, &c It also contains full par- 
ticulars as to the admission of pnpUs, including 
the programme of entrance examination. 

It is illustrated with a map of the farm, and 
a ground plan of the farm offices. 

Dublin: M'GLASHAN and GILL, 
60, UPPER SACKVILLE-ST. 
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HOWIRD'S PRIZE IMPLBMENTg, 

1859. 

£ B. cL 
V, Ploagh, with Two Wheels (for 

Light Work), . . .476 

P. P. ditto, (for General Purposes,) 4 12 6 
Skim Coulter, extra, . .056 

Steel Breasts, 78. and 7:^. Cd. extra. 

JAMES & FREDERICK HOWARD, 

BRITANNIA IRON WORKS, 

BEDFORD, 

Beg to direct attention to their Prize Imple- 
cnents, which are Sold in Ireland. 

A Detei'ipthe and lUustraUd CaJtahgue sent 
post free on application, 

PAlAQONtA N GU ANO-1859. 

«, NEW QUAY, LIVERPOOL, FEB. 24th. 

WE believe that the Patagonian Gaano 
has now become so generally known and 
appreciated for its fertilising qaalities in the 
growth of tunips, mangel, rape, potatoes, and 
other bulbous crops, that we conceive it un- 
necessary for us to make any lengthy remarks 
on this manure. In the year 1853 we pur- 
chased the island from which we obtain it, and 
have imported and sold since that time about 
10,000 tons. We find the demand annually 
Increasing, and we have therefore made 
■arrangements for a considerable quantity this 
reason. Four years ago we sold ft at prices 
varying from £8 to £10 per ton; we hare 
since reduced it to £6 lOs. per ton ex-store in 
bags ; the only profit we look for being a re- 
turn freight fur our ships. We have sold our 
importations principally in Scotland and in 
the North of England, where it ifl moat 
favorably known; but in the spring of last 
year we sold some trial lots in the North of 
Ireland, and annexed we give the reports we 
have obtained from the parties who used it. 
These must speak for themselves. The most 
important trial is that of Allan Pollok, Esq., 
of Lismany, County Galway, who used 100 
tons. This gentleman farms the enormous 
breadth of 30,000 acres on the Scotch system, 
and is one of the most intelligent and practical 
agriculturists in the kingdom ; he is, therefore, 
well qualified to give a sound opinion. We 
would also call especial attention to the report 
of Thomas Thomson, Esq., of Millfield, Kelso, 
taken from the North BriUsh AgricuUwrisi 
of the loth November, 1868. Mr. Thomson 
has used the Patagonian Guano for four years 
consecutively. This goano has succeeded so 
admirably in Cumberland, where we sold ex- 
tensively last season, that one gentleman, a 
Mr. Bruce, who took only five tons, has now 
ordered thirty tons for 1859. 

After all these practical and satisfactory ex- 
periments made by the first agricnltnrist in the 
kingdom, we have no hesitation in giving the 



Patagonian Guano our strongest recomni^dfl^ 
tion as a cheap and valuable manure for root 
crops. It contains a large proportion of 
organic matter and Phosphates of Lime. We 
obtain it from the deep gullies and fissures in 
the rocks on the island, resorted to by innu- 
merable flocks of Penguins and other aquatic 
birds, which are continually adding fresh 
deposits We take great care in its collection, 
and we are prepared to give any amount of 
guarantee that the article is pure and genuine 
as taken from the pits, and importations are 
coming direct to Ireland. 

The Patagonian guano contains a most 
peculiar quality, which chemists have hitherto 
been unable to explain, namely, that it rota 
the bags in fourteen days. 

We have appointed 

MESSRS. DAVID ROGERSON AND CO., 
OF DUBLIN. 

Sole Agents for Ireland, and their great re ' 
spectability will be a sufficient guarantee that 
they will supply it in the same state of purity 
as when reeieived from the ship's side. Any 
parties desirous of obtaining sub-Agencies for 
the sale of our Guano in Ireland wiU please 
apply immediately to these gentlemen. 

H. C. SMITH AND CO., 

IMPOBTSBa. 

P.S. — ^According to Mr. Pollok*8 plan the 
following saving is effected :— 

£ «. ii. 
Use, say two-thirds, or 2 tons 

Peruvian, at £14 . . 28 
And one-third or 1 ton Patago* 

nian, at £6 lOs . . . . 6 10 

J^4 10 



If three tons Peruvian alone were 

used it would cost . . 42 
Thus saving in three tons £7 lOs., or 
exactly £50 on every 20 tons. 

TESTIMONIALS IN FAVOR OF PATA- 
GONIAN GUANO, 1868. 

Letter firom Allan Pollok, Esq., of Lis- 
many, County Galway : — ** Patagonian Guano 
(^100 tons of which I used last year) is aii 
excellent oiannre for either Turnips or Rape,- 
and I have good crops from it applied by 
itself, but I consider it better to apply it in 
conjunction with Peruvian, in the propor- 
tion of about one-third Patagonian and two- 
thirds Peruvian, which gives better crops tban 
when the whole was Peruvian." Mr. Pollok 
has this season (1869) taken another 100, 
tons. 

Thofttas Thomson, Esq., Millfield, Kelso,^ 
writes in the North British Agriculturist of 
10th November, 1868 : — ** A few days ago I 
pulled and w«ghed the experimental plott 
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among my Turnips, with the following re- 
fults" — (" M7 crop as excellent as the results 
show— they are the best in the district*') : — 

TRIAL No. 1. 



** The Manures were applied as costing 


45s* 


per acre, at the nearest railway station. . 






Tons. 


Cwts. 


Qrs. 


Bolivian Guano, . 


26 





8 


Valparaiso do. 


23 


6 





Pataoonian do. . 


22 


10 





Peruvian do. 


22 


10 





Californian do. 


20 


7 





Dissolved Bones, . 


20 


7 





West Indian Guano, 


19 


8 


2 


Bape Dust, . 


19 


8 


2 


B. Bones (dissolved), 


19 


8 





Dissolved Bones (from i 


;er- 






wick). 


19 





1 


Upper Peruvian Guano, 


18 


4 


1 


Mexican do. . 


18 


4 


1 


Ammoniacal Dissolved 








Bones, 


16 


12 





Patent Wood Manure, 


14 

• 


12 





Sawdust Steeped, 


10 


15 





TRIAL No 


. 2. 







'* In the following trials, I used half Peru- 
vian guano, and half each of the manures 
noted, that is, 22s. 6d. worth of each per 
acre, the total cost being 458. per acre, as in 
trial Na 1 : — 





Tons. 


Cwt 


. Qrs 


Peruvian and Patagonian 








Guano, 


25 


17 





Do. and Dissolved Bones, 


25 


8 





Do. and West Indian, 








Guano, 


23 


16 


3 


Do. and Steeped Sawdust 


23 


8 


8 


Do. and Upper Peru- 








vian Guano, 


23 


15 





Do. and Patent Wool 








Manure, 


21 








Do. and Californian 








Guano, 


19 


3 





Do. and Mexican do. 


18 


7 





Do. and Rape Dust, . 


16 


12 


0" 



We give Mr. Thomson^s report in extenso, 
as he has used the Patagonian Guano for four 
years consecutively, and has taken great care 
to arrive at results. Last year he took thirty 
tons, and has promised to take his supply for 
the present year. 

James Murray, Esq., Drumbanagher Castle, 
near Newry, writes, September 21, 1868: — 
"Ab to the manurial proprieties of your Pa- 
tagonian Guano, I must say it has given me 
great satisfaction, and I believe its value to 
Turnip Growerg very great, when scarcity of 
Farmryard Manure occurs, as is too often the 
ease* Half Farmryard Manure was my me- 
lilO^ Vith. 3 cwt. of your Guano ; and I never 



had a better appearance of Swedes than I have 
at present." 

Snowden Corken, Esq., Lisbum, Ireland, 
says: — "Your Patagonian Guano succeeded 
admirably with me. I used it with Turnips 
and Mangolds this season ; it appears to do 
very well with root crops; I shall use it 
again." 

William Graham, Esq., Lisbum, Ireland, 
says : — " My crop is very good, and I shall 
not hesitate to use more of the Patagonian 
Guano; I consider it good value at the price." 

Wallace Legge, Esq. Malone House, near 
Belfast : — In 1867, life took half a ton ; in 
1868, 6 tons, and he has this year ordered 8 
tons ; he writes, that the trials he made were 
very satisfactory. 

Joseph Taylor, Esq., Hope Cottage, Waver- 
tree,near Liverpool, writes: — " 1st November, 
1858 : — Messrs. H. C. Smith & Co., Gentle- 
men — In the Spring of this year I had a bags 
of your Patagonian Guano, ex * Water Witch.* 
and at the same time I had a few bags from 
another party, represented to be * Peruvian.* 
I put equal quantities of each sort to each 
neighbouring drill of Potatoes, Mangels, and 
Turnips, and I am pleased to say that they 
did very well on both sorts, but certainly the 
Patagonian Guano produced the best Mangels, 
indeed they were the best I ever had, weigh- 
ing 18lbs. On the Turnips I could not see 
any difference to speak of The potatoes o'n 
yours were also good, but from some cause, 
which I cannot explain, the Potatoes on the 
Peruvian were almost worthless." 



Extract from North British Agriculturist^ 
dated Edinburgh, 30th December, 1867. — "At 
a numerously attended Meeting of the Western 
District of Mid- Lothian Agricultural Associa- 
tion, held at Mid-Calder, ou Tuesday, the 1st 
December, Pkter M'Lagax, jun. Esq.jOf Pum- 
pherston, in the chair, the following able paper 
on the * Manures best suited for the Turnip 
Crop* was read by Mr. Rowat, of Currie- 
vale: — 'This season I had a trial of seven 
different lots, manured as follows — all per Im- 
perial Acre : — 

* Weight of Turnips per Im. Acre. 
Tons. Cwt Qrs. 

* No. 1. Manured with 6 cwt. 

Peruvian Guano, 26 19 
*No. 2. Manured with 6 cwt. 

Patagonian Guano, 

cost about 10s. . 26 13 

* In making a calculation of the costs of 
various Manures used in these experiments, 
Patagonian produced the largest weight o£ 
Turnips, for the money cost, but inferior 
Guanos are not to be depended on, with thig 
exception.^ " 



GRASS SEEDS FOR PERMANENT PASTURE. 



DICKSON, HOGG, AND ROBERTSON, 
SEED MERCHANTS, 

No. 22, M A R Y - S T R E E T, DUBLIN, 

INYITE the attention of Agriculturists to their mixtures of Grass Seeds 
for Permanent Pastures , Sec,, and to tlie scale of charges for the 
different mixtures, for particulars of which see page 12 of their Descriptive 
Priced Catalogue of Agricultural Seeds, which will be forwarded j[?Oi^/rtf^, 
on application. 

D., H., and R. have for many years made the sowing down of land to 
meadow and pasture their particular study, with a view to produce, in the 
shortest possible time, an herbage in every respect equal to the finest old 
pastures, due attention being paid to the following important objects, viz : 
earliness, hulk of produce, nutritive qualities, reproductiveness, and perma- 
nency. The different kinds of Grasses used in these mixtures being all 
collected separately by the hatid, and afterwards thoroughly cleansed, 
D., H., and R. are enabled to apportion those kinds only which they have 
found during upwards of thirty years' experience best suited to various 
soils and situations. 

Orders describing the nature of the soil and subsoil of the field to be laid 
down, will be carefully executed, with a suitable mixture. 

(p3" All orders amounting to £2 and upwards will be delivered, free of 
carriage, at the Railway Station. 

PHOSPHO-PERUVIAN GUANO. 

GUARANTEED EQUAL TO ANALYSIS. 



MESSRS. PURDON beg to call attention of Agriculturists to the. 
above admittedly valuable Manure, which, from the results of 
numerous experiments conducted by thoroughly scientific and practical 
farmers, has been proved to be better than any other manure tried in com- 
petition with it. In many instances gentlemen who took it solely on their 
recommendation last year have, from their own experience more than 
doubled their orders the present year. Analyses, testimonials, and terms 
may be had from 

MESSRS. PURDON, BROTHERS, 

SOLE A6KNTS FOE IRELAND, 

23, BACHELOR S' -WALK, DUBLIN, 

Who can forward it to any part of Ireland^ in any quantity. 



(}4r CAUTION'. — Understanding that some unprincipled 
parties offered for sale, last year, a spurious Phospho- 
Peruvian Guano, and that it is not unlikely a similar 
attempt may be made this year, Messrs. Purdon feel 
it their duty to inform the Farmers of Ireland that 
none is genuine except that supplied by them or their 
Agents, in bags, branded. 

8^ Beware of spurious imitations or advertisements written in a style 

calculated to deceive. 




Printed by J. M. O'Toolb, 13, Hawkina'-street, Dublin. 
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OBGANIC ELEMENTS OF MANURES. 



physiolo^ts. The views entertained 
on the subject at present by men 
whose opinions deservedly command 
respect may be reduced to a few 
intelligible heads — 
1st. "Diat plants derive all their organic 
constituent elements (carbon, oxy- 
gen, hydrogen, and nitrogen) from 
the air. 
2nd. That they derive them partly from 
the air and partly from the soil. . 
5. The state of combination in which 
the organic elements administer to vege- 
tal nutrition is also a disputed point. 
Some, with Liebig, maintain that car- 
bonic acid, water, ammonia, and simi- 
lar mineral combinations of the organic 
elements,* are the only state in which 
plants can assimilate these elements ; 
while many distinguished physiologists 
are of opinion that the organic com- 
pounds of the soil (hnmic acid, &c.), 
already described, become the food of 
plants. Whichever of these theories 
be the correct one, it is quite certain 
that as carbon is a solid substance, 
and insoluble in water, and as hydro- 
gen (a gas twelve times lighter than 
common air) does not exist in nature 
in a free state, these two elements 
must, when taken up by plants, be 

* As the words organic and inorganic, as 
applied to soils and manures, have often led 
to mistakes, we may explain that the term 
oreanic, strictly speaking, is applicable to 
soDstances in which we can trace a living 
structure. Substances produced by living 
organs, such as starch, sugar, &c., are also 
regarded as organic. ** The solid rocks, the 
incombustible part of soils, the atmosphere, 
the waters of the seas and oceans, everything 
which neither is nor has been the seat of life, 
may goierally be included under the head oi 
inorganic matter"— (Johnston). 

"It is true that chemists sometimes speak 
of the organic food of plants, meaning therebv 
earbonic add and ammonia. But this, which 
is not a strictly correct mode of expression, 
has reference, not to the nature of these sub- 
stances, but to their oriainJ" — ^Note by the 
Tnmslator to Liebig^s Memoir; Jour. Koy. 
Agric. Soc. England, vol. 17, page 816. 

Carbonic acid, ammonia. &c., may, there- 
foroj for the sake of popular distinction, he 
ftfM mineral cambinatioDs of the organic 



combined with other substances. Oxy- 
gen and nitrogen exist in the atmos- 
phere in a gaseous and uncombined 
state.f It has been proved that the 
former is inhaled by the leaves of plants 
under certain conditions. Nitrogen may 
be absorbed in the same way ; " but if 
so, it is in very small quantity, and the 
fact of its being absorbed at all is very 
uncertain" (Johnston). These two bodies 
may also enter into plants, in their ele- 
mentary state, in solution in water, but 
as they are very sparingly soluble, the 
quantity so absorbed must be exceed- 
ingly limited. 

6. Liebig holds:^ that ^^ plants in 
general receive their carbon and nitro- 
gen from the air — ^the carbon in the 
foim of carbonic acid, the nitrogen in 
that of ammonia ; that the water and 
ammonia yield to plants their hydro- 
gen ; ' that the ammonia which is con- 
tained in, or brought by means of rain, 
&c., into, the soil, acts the part of a 
constituent of the soil ; and that this is 
true, likewise, of the carbonic acid in 
the soil." In another place§ he teaches 
" that the food of plants consists entirely 
of inorganic materials; that carbonic 
acid, ammonia, and water are inorganic 

t According to Dumas, 100 volumes of 
pure air consist of — 

Oxygen .. .. SO'W 
Nitrogen .. .. 79'10 
There are several other substances generallv 
present in the air \ «.0., 6,000 gallons of air 
contain about 2 gallons of carbonic acid 
(Hodges). 1,000 volumes of air contain, on 
an average, 8 volumes of watery vapour 
(Anderson). If all the carbonic acid and 
ammonia dispersed throughout the atmos- 
phere were collected in one stratum around 
the earth, and possessed the same density as 
at the surface of the sea, the layer of cap- 
bonic acid would be a little more than eight 
feet high, and the ammonia less than a quar- 
ter of an inch (Liebig). Nitric acid, car- 
buretted hydrogen, and ozone Tthe name 
given by Dr. Sch5nbein, of Basle, to the 
substance produced by passing electricity 
through dry oxygen gas), eiust in the air in 
variable, but always in very small, quantity. 

X Principles of Agricultural Chemistry ; 
propositions 1 and 8. 

§ Jour. Roy. Agric. Soc. £ng., yoL 17, p. 
915. 
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oomponnds in the growth of plants; 
the hydrogen comes from the water, 
the carbon from the carbonic acid, the 
nitrogen from the ammonia." If these 
views be correct, the elements of the 
organic matter of the soil and manures 
must be resolved into mineral com- 
binations — carbonic acid, ammonia, and 
nitric acid- — before they can become the 
food of plants. 

7. On the other hand, the late 
Professor Johnston, the most cautious 
expounder of agricultural chemistry, 
"considered it to be satisfactorily 
established that, while a plant sucks 
in by its leaves much carbon in the 
form of carbonic acid, and, perhaps, 
also some of the same gas by its 
roots, it derives a variable portion of 
its immediate sustenance (of its carbon) 
from the soluble organic substances — 
humicy nbnic, and geic acids — that are 
within reach of its roots." In support 
of this view of the case, it has been 
nrged (1) that when plants are made 
to grow in infusions of madder, the 
radicle fibres are tinged of a red colour. 
(2) Sir Humphrey Davy* found that 
plants of mint grew vigorously in 
weak solutions of sugar, gum, jelly, 
the tannin principle, &c. Now, that 
plants do take up the soluble organic 
compounds of the soil has been placed 
beyond dispute; but it has not been 
equally well established that the plants 
assimilate their carbon or hydrogen. 
It is well known that copper, lead, 
&c., have been taken up by plants ; 
but their presence in vegetable tissues 
is regarded as simply accidental. 

8. Liebig's theory, which reduces 
vegetable nutrition to a very simple 
law, is totally opposed to the assimila- 
tion of humus by plants. This sub- 
stance is neither inorganic nor organic, 
but is, as Professor Cameronf well 
observes, arrested half way between the 

* Lectures on Agricaltural Chemistry. 
t Agriddtural JB^view, November, 1858. 



two conditions. In this respect it m&y 
be compared to alcohol or acetic acid ; 
and it is just as reasonable to expect 
the latter to supply carbon and hydro- 
gen to plants as the former. Dr. 
Cameron has made some exceedingly 
interesting experiments, which have 
added fresh interest to this subject. He 
found that plants are incapable of 
effecting the decomposition of carbonic 
oxide (which is a less oxidized substance 
than carbonic acid) and cyanogen gas ; 
and from these experiments he con- 
cludes, with much reason, that substances 
capable of being used as food by plants 
must be either in a perfectly oxidized 
(or teleoxidtc) state, or in their natural 
static condition ; and that vegetable 
secretions, such as gum, starch, &c., or 
the partially altered substances which 
formed their tissues, such as humus, are 
as unfitted for building up the vegetable 
fabric as urea, ammonia, carbonic acid 
— products of zoodynamic action — are 
incapable of repairing the waste of the 
animal tissues. 

9. The operations of nature are all 
governed by indelible laws. The forces 
by which vital agency produce the 
marvels of animated Hfe are never 
wasted, but are applied with the most 
exquisite harmony and the most nicely^ 
balanced economy. That the food of 
animals must consist of organized 
matter is almost universally admitted, 
and that the food of plants should 
belong to the inorganic or mineral 
kingdom is a conclusion not only legi- 
timate in itself, but is supported by 
analogy and reason. Modern agricul*- 
tural research tends to the same con- 
clusion, liebig believes,! and the late 
Mr. Pnsey has practically proved,§ that 
nitric acid-— a mineral combination of 
two organic elements, nitrogen and 
oxygen — can replace ammonia as a 
8om*ce of nitrogen. And there is every 

X Principles, p. 20. 

§ Jour. Koyai Ag. Soc. Eng. 
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reason to believe that urea, a substance 
composed of the four organic elements, 
and which mnst be regarded as inor- 
ganic, as it may be artificially prepared, 
can directly afford nitrogen to plants 
without being converted into carbonate 
of ammonia,* as was formerly believed. 

We recognise in all this confirmation 
of the views we entertain on vegetal 
nntrition, and of the beauteous consis- 
tency of nature in reducing her kingdom 
to physical laws, which man can com- 
prehend, and adapt to the requirements 
of hb fellow men. 

10. Having considered the mere form 
of chemical union in which the several 
organic elements are assimilated by 
plants, we proceed to notice with as 
much brevity as possible the sources 
whence they are derived. And here, 
it must be confessed, we are entering 
npon the most disputed question con- 
nected with the growth of our farm 
crops-^a question which we cannot 
discuss without bringing under review 
the controversy between Baron Liebig 
and his disciples on the one hand, and 



* Dr. Cameron has made some interesting 
experiments on urea, which have induced him 
to mclude it among the sources of tiitro^en to 
plants. He sowed barley in basins of soilcom- 
posed of crushed feldspar, and an artificial 
mineral manure in which the bases and acids 
corresponded as nearly as possible with the 
composition of the ash of the crop. Sulphate of 
ammonia was applied to one of these basins, 
and a solution of urea to two others. All the 
basins were covered with glass shades ; the 
air supplied to the interior of each being freed 
from ammonia, by treatment with dilute sul- 
phuric acid. From this experiment Professor 
Cameron concludes — 1st, That the perfect 
development of barley can take place, under 
certain conditions, in soil and air free from 
ammonia and its constituents. 2nd, That 
urea, in solution, is capable of being taken, 
-nnchanged, into the organism of plants, drd, 
That urea need not be converted into carbonate 
of ammonia before its nitrogen becomes avail- 
able to promote the process of vegetation. 
It has been suggested, that as urea is a very 
imstable compound it would soon after its 
application be converted into carbonate of 
ammonia. Liebig found that the soil has 
no power of absorbing and retaining urea 
from its solntions. 



Mr. Lawes, of Rothamstead (England), 
and several distinguished scientific men 
and practical agrlcultmists on the other. 
The difficulty, too, of arriving at a 
satisfactory conclusion on the subject is 
vastly magnified by the voluminous 
evidence on either side, and the acrimony 
with which arguments have been occa- 
sionally tinged. It is, therefore, with 
extreme diffidence that we venture to 
approach a topic on which men of 
comprehensive minds appear to have 
failed in convincing each other ; and 
our only apology for doing so is, the 
intrinsic importance of the entire subject 
to British agricultiu^. 

11. That plants can grow in a soil 
free of organic matter is a fact well 
known to every person who has any 
acquaintance with vegetation. The 
earlier vegetables probably grew in 
soil free from organic matter. We 
daily see plants strike root in the 
solid rock ; and direct experiments 
prove that our cereals can grow in 
soils which contain no organic matter. 
Many have concluded from facts like 
these that if the ash constituents of 
plants are present in the soil in sufficient 
quantity, and in available form, the 
nitrogen and carbon required by the 
plants will be supplied by the atmos- 
phere. Several passages in Liebig's 
works bear this construction. But it is 
not easy to sift from the writings of that 
great man, in which several inconsisten- 
cies apparently occur, his real views upon 
the subject. Liebig himself admits that, 
" compared with a system of agricul- 
tural chemistry," his "book appears 
altogether deficient in arrangement and 
full of contradictions."f And, accord- 
ingly, we find such contradictory state- 
ments as the following in his celebrated 
work, which, notwithstanding these 
little discrepancies, forms the basis 
of the modem system of agricultural 
chemistry. 

t Jour. Boy. Ag. Soc. £ng., xvil., p. 290. 
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(b) *' Is fertility not 
qnito independent of 
tiie ammonia conveyed 
to the soil ? If we eva- 
T>orated nrine, dried 
and burned the solid 
excrements, supplied to 
our land the salts of the 
urine and the ashes of 
the solid excrements, 
would not the culti- 
vated plants grown on 
it— the graminss and le- 
guminossa— obtain iheir 
carbon and nitrogen 
from the same sources 
whence they are ob- 
tained by the graminss 
and l^uminosse of our 
meadows ?"t 



(n) "The food con- 
tained in the atmos- 
phere does not suffice to 
enable plants to obt;iin 
their maximum of 8i2e 
in the shoH period of 
their life. If the object 
of culture is to be at- 
tained, there must be 
present in the soU itself 
an artificicU atmosphere 
cf carbonic acid and am- 
monia, and this excess 
of nourishment, which 
the leaves cannot get, 
must be conveyed to 
corresponding organs in 
the sou."* 

(a) ^* Ammonia accele- 
rates and favours the 
frowth of plants in all 
inds of soil, in which 
exists the conditions for 
its assimilation."t 

These passages, selected from the 
same work, appear almost iiTeconcilable. 
In the one (a) we are told that a sup- 
ply of carbonic acid and ammonia in the 
soil is essential, if the farmer's crops are, 
within the short period of their life, to 
attain the maximum size which they are 
capable of reaching — a theoiy to which 
we fully subscribe. In the other it is 
apparently suggested that the fertility of 
the soil is independent of the presence in 
it of ammonia, and even that the efficacy 
of farm- yard or any other manure is no 
gi'eater than that of the ash obtained 
by burning it, as the carbon and nitrogen 
are supposed to be derivable from the 
air in sufficient abundance. We must 
not interpret Iiebig*s views from isolated 
passages, but look at them in the same 
bold and comprehensive spirit in which 
they were conceived and developed by 
their author. Prior to his investigations, 
the most intelligent agriculturists and 
the most renowned chemists believed 
that the fertility of soils and the action 
of manures depended exclusively on 
their humus or organic matter, which 
was regarded as endowed with a species 
of vitality.§ It remained for the com- 



* Chemistry in its Application to Agriculture, 

4th Edition, p. 168. 

t Ibid, p. 211. % Ibid, p. 203. 

§ " Organic matter," says Schworz, " is the 

Gordian knot which cannot be unloosened. 

It is the vegetable and animal extracts which 



prehensive mind of Liebig to interpret 
nature more faithfully than his prede- 
cessors, and to explode these erroneous 
opinions. In the earlier edition of his 
gi'eat work, II Liebig, while propounding 
the true frmctions of the earthy or in- 
organic matter of the soil, seemed to 
recognize the importance of the presence 
of organic or combustible matter, as a 
source of carbon and nitrogen to plants ; 
but subsequent reflection induced him 
to alter his views, as may be seen from 
the following extracts :— 



"Cultivated plants 
receive the same quan- 
tity of nitrogen from 
the atmosphere as trees, 
shrubs, and other wild 
plants ; but this is not 
sufficient for the pur- 
poses of agriculture."— 
1st Edition, p. 85. 



" Cultivated plants 
receive the same quan- 
tity of nitrogen from 
the atmosphere as tree& 
shrubs, and other wild 
plants ; and thisif quite 
sufficient for the pur- 
poses of agriculture."— 
8rd and 1th Ed., p. 54. 



In a more recent publication Liebig 
again modified his views on the organic 
matter of the soil. " It was,*' he says, 
^' the application of sawdust, and of the 
organic matter of stable manure, and of 
the forest soil, which I applied to a light 
sand, in part composed of more or less 
coarse quartz pebbles, which first opened 
my eyes to the true action of bmnus 
and decaying organic matter in the soU; 
and by which my previous notiona on 
the subject were corrected and en- 
larged^f — ^pp. 42-3, " By the progres- 
sive decay of animal manure, the ani- 
mal and vegetable remains, of which it 
chiefly consists, ai'e converted into car- 
bonic acid and ammoniacal salts ; hence 
animal manure not only supplies the 
plants with a certain amount of their 
mineral food, but also provides them ia 
carbonic acid and ammoniacal salts; 
those substances which are the most in- 



determinc the agricultural value of the soil.** 
Berzdius (in his Hand-book, published in 
1839), says the " Earthy part of the soil ap- 
pears to exert on plants no other influence 
except only a mechanical one.*' 

II Chemistry in its Relation to Agriculturoi 
and Pathology. 

% Principles of Agricultural Chemistiy^ 
publidhed in 1855. 



54 



ORGANIC ELEMENTS OF MANURES. 



dispensable for the introduction into the 
vegetable organism of the mineral con- 
Btituente which, by themselves, are in- 
soluble in water, and this to a larger 
amount in the same time than could 
be effected without the co-operation of 
decaying organic matter^' — ^p. 21. 

12. These passages clearly prove that 
Liebig does not ignore^ the importance 
of organic matter in the soil. He could 
not be ignorant of the simple fact, that 
bf the decomposition of animal and 
vegetable remains in the soil, ammo- 
nia (and, of course, ammoniacal salts) 
and carbonic acid were produced. He 
was the first to draw attention to the 
action of humus as a source of carbonic 
acid, as a solvent for phosphate of lime 
and earthy carbonates. Thus far we may 
safely accept Liebig's views. But, un- 
fortunately, they are sometimes couched 
in language, sparkling though it is 
with eloquence, which is either so vague 
as not to be intelligible to the class for 
which they are intended, or else they 
bear a construction very different from 
that which the author intended. Some- 
times passages occur which it is im- 
possible to reconcile either with the 
results of practical experience or with 
other portions of the author's logical 
deductions. We have already quoted 
(§11) a passage from Liebig's work, 
which is at variance with the general 
tenor of his views, as well as with daily 
observation, and which led even a 
practical instructor when on his mis- 
sion, diffusing agricultural knowledge 
among Irish farmers, to recommend 
them to air-dry and bum their farm- 
yard manure, in order to diminish the 
labour of carriage. Another sentence 
in his work — "The crops on a field 
diminish or increase in exact proportion 
to the diminution or increase of the 
mineral substances conveyed to it in 
the manure" — ^has also provoked much 
criticism. Mr. Lawes, of Rothamstead, 
believing that in this and other pas- 
sages liebig had propounded erroneous 



theories, was led to institute a series 
of extensive experiments, which have 
most materially enriched the science of 
agricBltnre, and the reports of which 
have called forth several piquant replies 
from Baron Liebig. 

18. The essays on both sides are, in 
themselves, volummous ; and, unfortu- 
nately, the discussion has been con- 
ducted with such acrimony that, as' 
previously observed, men's judgments 
seem warped by the personal interests 
involved. Liebig complains* that the 
passage just quoted, by being de- 
tached from a series of sentences, 
conveys a different meaning from that 
intended. Now, while Liebig has been 
foremost to elucidate the solvent action 
of carbonic acid, ammonia, and nitrates 
on the ash constituents of the soil, he 
would seem rather inclined to asciibe 
the efficacy of these substances to this 
solvent action, rather than to their being 
required to enter into the vegetable 
structure. Thus, in his most recent 
work,f he states that " we have now 
obtained more exact information on the 
part played by humus in vegetation-^ 
that by its decomposition in the soil it 
forms a source of carbonic acid, by which 
the fixed elements of food are rendered 
soluble, p. 54 — that if the mineral 
constituents are sufficiently abundant, 
the crops will be of average productive- 
ness without any ammonia in the soil— « 
p. 55. He frequently suggests that 
only a small part of the ammonia of 
manures acts by its becoming food for 
plants, and by far the greater part by 
its solvent power for phosphates and 
silica — p. 99. Liebig does not deny 
that in the experiments of Mr. Lawes 
both properties of ammonia co-operated 
to produce the increased produce ; but 
several other passages almost nullify 
this admission. In the lucid volume, 
published in 1859,} it is stated in very 



* Principles, pp. 54-6. 

t Letters on Modem Agriculture. 1859. 
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intelligible words indeed — words which 
do not savour of ambiguity — that '^ the 
most saperficial examination of a cnlti- 
▼ated field shows that all the combustible 
matter of plants which are reaped from 
the field are derived from the air, and 
not from the soil" — ^p. 35. "The action 
of farm-yard manure depends, most 
undoubtedly, on the amount of the in- 
combustible ash constituents of plants 
in it, and is determined by these" — ^p. 
137. 

14. It is true that some of the 
sentences previously quoted from this 
and other publications of liebig are 
at variance with the principles incul- 
cated in these passages ; neveitheless, 
as they favour the assumption that the 
organic matter of the soil, or rather the 
carbonic acid, ammonia, &c., produced 
by its decay, do not contribute to build 
op the organic part of plants, and as 
they even favour the idea that farm- 
yard manure is no more efficacious than 
the ash obtained by burning it, it is 
necessary to notice them. 

In 1844, Mr. Lawes found* the pro- 
duce of wheat on land reduced by 
previous cropping to a state of agri- 
cultural exhaustion, as follows : — 



Unmannred 

14 tons farm-yard manure 
Ashes of ditto 



Grain. Straw. 

lbs. lbs. 

923 1120 

1276 1476 

888 1104 



plants undoubtedly absorb through the 
leaves as much nitrogenized food, in 
the form of ammonia and nitric acid, 
from the air as well as dissolved in rain 
and dew, as uncultivated plants which 
receive no nitrogenized manure from the 
hands of man ; we can, therefore, con- 
ceive that the agriculturist will seldom 
have to seek the reason of the failure of 
his crops in a deficiency of ammonia or 
nitrogenized food alone" — p. 78. The 
practice of agriculture in these countries 
recognises no parallel between the re* 
quirements of cultivated crops and wild 
plants. The latter may, and do some- 
times, derive all their nitrogen fr*om the 
air; but practical experience demon- 
strates that in many soils, and for 
the cereals, maximum crops are not 
obtainable unless there is in the soil 
an available supply of nitrogen. The 
experiments of Mr. Lawes are conclu- 
sive on this point. He raised wheat 
for eleven successive years on adjacent 
plots of land broijght by previous crop* 
ping to a state of apparent exhaustion, 
and obtained the following results : — 

Average annual total produce. 
No. years. Com and straw 
Unmannred ... 11 2864 lbs. 

Mineral manure 8 3018 „ 

Farm-yard manure 11 5036 „ 

Salts of ammonia 9 4867 „ 

(stand, quantity) 
Do., with minerals 9 5331 



i» 



16. It may be considered unneces- 
sary at the present day to quote any 
experiment to prove that the valae of 
farm-yard manure does not depend on 
its ash constituents alone ; and Liebig 
may protest against any such interpre- 
tation of his views. But we maintain 
that while he admits the solvent action 
of carbonic acid, ammonia, &c., he some- 
times underrates, if he does not alto- 
gether discard, the direct nutritivQ value 
of these compounds in the soil. Thus, 
in the " Letters on Modem Agriculture" 
it is argued, that " as our cultivated 

* Jour. Roj. Agric Soc. Eng., voL xli., p. 8. 



This table proves that the agriculturist 
will often have to seek the cause of his 
poor crops in a deficiency of ammonia ; 
and in such cases the efficacy of manures 
depends principally, though not wholly, 
on the presence in the soil of nitrogen 
in some active and available condition. 
And we say active and available, as 
contra-distinguished from the large 
quantity of unavailable nitrogen. which 
appears to exist in almost all soils* 

16. According to the analyses of 
Krocker, a German chemist, Liebig 
estimates that an acre of the most 
unfruitfdl soil taken to the depth of ten 
inches contained more ammonia than 
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would snpply the nitrogen to one hun- 
dred crops of wheat, or one hundred 
times the quantity supplied in a usual 
dressing of "manure ; while an acre of 
fruitful soil, of the same depth, con- 
tsuned from five to ten times this quan- 
tity of nitrogen.* And Mr. Way has 
conclusively proved, that in addition to 
the quantity of ammonia already locked 
up in the soil, it has the power of 
taking in a much larger quantity, from 
the air ; and the quantity so derived is 
increased each time we plough, harrow, 
and otherwise till the ground, until the 
maximam is reached. 

Mr. Lawes, however, has shownf (1) 
that the discrepancy arising from the 
mode of estimating the amount of nitro- 
gen in the soil is so great that we find 
in several instances ten times as much 
recorded by one chemist as by another, 
for one and the same soil. (2) That the 
nitrogen shown to exist in soils by the 
methods of analyses generally adopted 
does not necessarily exist in a form 
available to plants. J 

17. That the quantity of nitrogen in 
soils, as determined by the general chemi- 
cal processes, is not in a state fit to 
minister to vegetation, has been clearly 



♦ Soils, Chapter VI. 

t Jour. Roy. Agric. Soc. Eng., vol. xvii. 

i The quantity of nitrogen existing as 
ammoniai &&, in the soil is determined by 
burning^ it with a mixture of soda and lime. 
" By this method the nitrogen of dry organic 
compounds containing it is changed into am- 
monia ; but the process does not enable us to 
decide whether this ammonia was entirely 
formed in the matter examined. In fact, a 
soil mieht furnish by analysis a very large 
proportion of the volatile alkali (ammonia) ; 
yet we might not be justified in affirming 
that it contains, I win not say this alkali 
already formed, but even putrescible nitro- 
genized substances — that is to sav, those 
which are efficacious in vegetation.'^ — Bous^ 
BingauU. 



evidenced by our own experiments at 
the Model Farm. A field on that fai-m, 
recently analyzed by Dr. Hodges, con- 
tains '29 per cent, of nitrogen (equal 
to '35 per cent, of ammonia) ; or per 
acre, taken to the depth of ten inches, 
upwards of a hundred times more 
nitrogen than is contained in 5 cwt. 
of Peruvian gaano. Yet, on that soil 
it is not always judicious to dispense 
with nitrogen in manure. While, how- 
ever, we hold that "it is obviously 
inadmissible to suppose that the addi- 
tion of a compai'atively small quantity 
of nitrogen to the soil, in a form proved 
to be readily accessible, can be of no 
avail, simply because the soil itself 
already contains a much larger abso- 
lute amount," we maintain that the 
presence in the soil of a large quantity 
of ammonia should induce the faimer 
to consider whether it may not be 
more economical to take steps (such 
as liming, &c.) for rendering it active 
than to buy a costly manure whose 
value depends principally on the same 
substance ; and if, again, it contains a 
high per centage of organic nitrogenized 
matter, thorough tillage may be more 
judicious than the purchase of a manure, 
such as guano, containing a prepon- 
derating quantity of nitrogen. So that, 
in considering this subject, it must not 
be forgotten that much depends on the 
nature of the soil. But a carefol 
examination of the subject has forced 
upon us the conviction that in prac- 
tical agriculture our crops do not obtain 
all their nitrogen or cai^bon from the 
air ; and experience has conclusively 
proved that heavy^ crops are not 
obtained from the gi'ound unless it 
contains a due per centage of organid 
matter and niti*ogen in some active or 
available state of combination. 
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18. Having, in the foregoing chapter, 
considered the sources whence plants 
derive their organic elements, and the 
important functions peiformed by these 
elements in the soil, we will proceed to 
treat of the mineral, or ash, constitu- 
ents of manures. 

And here it may be remarked that 
manures act in several distinct ways. 
1st. By dii'ectly supplying to the 
growing crop phosphoric acid, pot- 
ash, &c. 2ndly. By producing me- 
chanical changes in the soil, such as 
rendering stiff clays more porous, and 
light soils more coherent. Srdly. By 
producing chemical changes in the soiL 
Lime may and does serve one or other, 
or all of these three purposes. If the 
soil does not contain the minimum 
quantity required for affording that 
substance to the growing plants, it 
must be supplied. Lime not only pro- 
duces beneficial mechanical changes in 
clay soils, but by its chemical action 
helps to liberate the potash that 
exists in them in a dormant state. 
And, in the 4th place, manures may 
act by aiding the solubility of the in- 
soluble constituents of the soil. Com- 
mon salt and nitrate of soda, even in 
the most dilute state, dissolve a certain 
quantity of the insoluble phosphates, 
and thus the application of these salts 
helps to convey phosphoric acid into 
plants. The salts of ammonia have the 
same solvent action on the insoluble 
phosphates ; and, besides, the acids of 
these salts may ^ve rise to new and 
active compounds in the soil. 

We shaU have occasion to consider 
each of these functions of manures ; 



but for the present shall confine our- 
selves principally to the first. 

19. No sooner had Liebig proved 
that their ash constituents were essen- 
tial for the growth and development 
of plants than he propounded the cele- 
brated " mineral theory," according to 
which "every plant showed by its 
analyses the due proportions of the 
constituents essential to its growth.'** 
Sanguine were the hopes, and high 
the expectations, raised by this theory, 
which was based on the assumption 
that the only thing needed to free 
agriculture from the errors and falla- 
cies that oppressed it was to restore 
to the soil the mineral (ash) consti- 
tuents abstracted from it by crops. 

20. The exhaustion of land in this 
manner has been aptly compared to 
the case of a purse containing money, 
which will, of course, become empty, 
if we keep continually taJdng out of 
it, without replacing, the £ s. or d. 
And if we keep selling the produce of 
the farm — wheat, oats, and barley, milk 
and butter, and young stock — ^without 
making an adequate return in the shape 
of manure, the ground will ultimately 
become exhausted. 

21. When first promulgated by the 
great German chemist, his views on the 
exhaustion of the soil were almost 
universally accepted. Unfortunately, 
however, they were carried too far, 
and writers on scientific agriculture 
flooded the country with pamphlets, 
inculcating theories, the crudest and 
most absurd which it is possible to 

■^.i— — i^i— ^- ■ - ■■■' ■■■ ■»■■■ ■»! iiiw ■ ■ ^m iM ■ ■ ■ a— — i— <^M>i» 

* Liebig's Familiar Letters. 
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conceive. liebig, whose brilliant dis- 
coveries have illumined every depart- 
ment of husbandry, proposed, and 
actually had carried into execution, 
the manufacture of special mineral ma- 
nures, compounded in accordance with 
the analysed of the ash of the plants. 
Viewed in a scientific point of view, 
nothing could be more correct than to 
advise fanners to replace in manures 
the mineral matters sold off the land — 

♦ 

to replenish the purse. But all these 
special manures failed in realizing the 
hope that was entertained of them — 
namely, producing a large increase in 
produce of the crops to which they were 
immediately applied. Special manures 
compounded by some of Liebig's ablest 
disciples have failed in our own experi- 
ments ; and the wheat manures pre- 
pared in these countries in strict ac- 
cordance with Liebig's formula have 
proved equally abortive. And some of 
the experiments instituted to test Lie- 
big's views have produced such a re- 
action in the minds of many intelli- 
gent agriculturists, that they regard 
the mineral theory as an over specu- 
lative effusion of a highly imaginative 
mind. 

22. Mr. Lawes deduces from his 
scientific investigations and practical ex- 
perience conclusions totally at variance 
with those of Liebig. The results of the 
numerous trials with different manures 
in the growth of wheat are indicated in 
the following table, though it embraces 
only one year's experience : — 

Produce per acre. 

Com. Straw, 

lbs. lbs. 

No manure ... ... 1207 1613 

14 tons farm-yard manure ... 1826 2454 

2 cwt. sulphate of ammonia 1860 2244 

4 cwt Liebig's wheat manure 1400 1676 

Do. with 1 cwt. sulphate andl ^Qgj 2571 
1 cwt. muriate of ammonia j 

" The results," says Mr. Lawes, " of 
our experiments upon wheat and other 
plants of the graminaceous £unily have 
shown beyond a doubt that the charac- 



ter of the exhaustion which the soil 
suffers by their growth is essentially 
nitrogenous."* "If there be any truth 
in my experiments," says Mr. Lawes, 
" all hopes of obtaining annual crops of 
com by mineral manures must be for 
ever abandoned." And again, the 
same able experimenter says, "The 
manure indicated by the resultant re- 
quu'ements of British agriculture has 
no direct connection with the composi- 
tion of the mineral substances collec- 
tively found in the ashes of produce 
grown on, or exported from, the farm."f 
And again, he concludes that neither 
mineral manures nor carbon are indi- 
cated by his experiments "as the 
special or direct manures for the gi'owth 
of wheat. Not so with the turnips, for 
the successful cultivation of which a 
liberal supply within the soil of car- 
bonaceous substance and phosphate is 
found so impoi-tant."} 

23. We see, then, that Liebig and 
Lawes are at issue on the mineral or 
ash constituents of soils and plants, no 
less than on the organic. Liebig would 
have us centre all attention on such 
logical reflections as these : — " It is a 
matter of undoubted and indubitable 
experience that land, of whatever 
quality, does not retain its capacity 
of yielding good crops of the same 
plant for an infinite series of years ; 
but that at the end of a limited number 
of years the plant no longer thrives on 
the same soil. The cause of this loss 
of fertility must be looked for, and is 
detei-mined by the renewal in the crops 
of a number of mineral substances. "§ 
This logic, we are assured by the same 
authority, is alike applicable to all our 
cultivated plants. But the practical 



* Lawes and Gilbert in Jour. Boy. Agric. 
Soc. Eng., vol. viii., p. 495. 

t Jour. Rov. Ag. Soc. Eng., voL xvi., p. 
497. 

Ibid, voL ziL, p. 28. 

Principles of Agricultural Chemifltiy, 
p. 62. 
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experience of nearly all British agri- 
culturists, and more especially of those 
Ytho belong to the school of high farm- 
ing, and who patriotically aim at raising 
the produce to the maximum standard, 
confirms the distinction which Mr. Lawes 
makes as to the manurial requirements 
of root crops — of which the turnips may 
be taken as the type — and the cereals. 
The habits of the several families of 
plants, and their wants in the artificial 
state to which the agriculturist has 
brought them, are totally difierent. At 
the same time, we think the laws of 
vegetable growth are immutable ; for, 
as Liebig says, no one can rationally 
suppose that Nature has, by way of 
exception, enacted special laws of nu- 
trition for the wheat plant. And, ac- 
cordingly, mineral manures compounded 
in accordance with the analyses of the 
ash of crops have failed with all crops, 
and in all soils deficient in organic 
matter. 

24. But with all this we are not to 
discard liebig's theory, which involves 
momentous interests, to some of which 
we purpose du-ecting attention. The 
principle on which the theory is founded 
is sound and good ; but it has been mis- 
understood and misapplied. That prin- 
ciple enables us to expose the hollow 
sophistry of the theoiy that tillage is a 
substitute for manure — a theory which 
we regard as fraught with danger to 
the State. 

25. It is self-evident that in every 
plant a farmer sells there is abstracted 
from his soil a definite quantity of its 
mineral riches. The important question, 
then, arises, could the land continuously 
bear cropping without any return to it 
of these mineral matters ? Our answer, 
which has the weight of universal ex- 
perience, is in the negative. The ques- 
tion has, however, received a more quali- 
fied reply from others. 

26. Thus, the Rev. Mr. Smyth, of 
Lois Weedon, Northamptonshire, who 
has, in our day, laboured with such 



praiseworthy zeal to revive and improve 
upon Tull's system of drill husbandry, 
that the Lois Weedon system of wheat 
culture has become a household phrase, 
has published some forty editions of a 
pamphlet,* the general tenor of which 
is, that by thorough drill' culture we 
may, in many instances, grow wheat on 
the same ground without any manure. 
It is true Mr. Smyth does not discard 
manure altogether for light land, but 
he thinks his wheat land contains food 
enough, and may be safely cropped 
with wheat continuously without manure. 
" To all intents and purposes," he says^ 
'^ the manure is already there, and if I 
add more, it is simply superfluous and 
extravagant." 

27. We shall presently sec that 
many wheat or clay soils contain as 
much of the mineral or ash constituents 
of plants as would, if available, supply 
the wants of several hundred crops of 
wheat without the application of any 
mineral manure. But, at the same 
time, and while we give Mr. Smyth 
the credit of having with ability and 
zeal proved the great importance of 
efiicient tillage and drill husbandry, 
we regard the extremes to which his 
theory has been pushed as extravagant 
and mischievous. All wheat soils are 
not like the clay of Lois Weedon, 
which, as Mr. Lawes has proved, is 
capable of absorbing from the aii* an 
unusually large quantity of water and 
ammoniaf ; and that the Lois Weedon 
soil contains an uncommonly large store 
of mineral matter does not admit of 
doubt. Hence the danger of recom- 
mending the Lois Weedon system of 



* Word in Season. London : Ridgway. 
f The per centage absorption was as follows 
on land under Lois Weedon wheat culture:— 

RothfttDsted. Loii WMdon. 
Per centage water retained after ) 

absorption and 24 hours' expo- >■ 6*19 5*55 

sure at 70° ) 

Nitrogen i)er cent, in dry soil) .^a .an 

before absorption of ammonia I " ^ 

Afterditto *24 -83 

•^LawesinJour. Boy* Ag, Soc, JEng., vol 17. 
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wheat culture for nniyersal applica- great truths of agriculture must be 

tion. freed from all unsafe theoretic deduc- 

28. That system is founded on two tious. We can no longer afford to 
theories, one of which is "that the sport with the science of manuring, 
atmosphere is able to afford to land like children who play with edged 
duly prepared for its reception an abun- tools. We must study the subject 
dant supply of eveiy constituent of the with the light of true science, and 
wheat plant." We have already dis- for ever disconnect our mmds from 
proved this doctrine. The other belief theories based neither on abstract 
on which Mr. Smyth recommends the science nor well attested practical ex- 
general adoption of his system on perience. 

wheat soils is, "that there is an almost 81. The application of Tullian hus- 

unlimited supply of the mineral re- bandry, either in its pristine form or 

quisites of plants in soils; and that in an amended phase of it presented 

it is possible, from their universal to us by Mr. Smyth of Lois Weedon, 

prevalence, that sufficient working of cannot be advocated as a scheme 

the soil may enable us to dispense worthy of any general application, 

with any artificial manure." Most men acquainted with the growth 

29. Now, chemical analyses have of our farm crops know that no matter 
taught us that many clay soils contain how thoroughly we till them, there are 
a very large quantity of the mineral few soils capable of bearing for even 
food of plants ; but it has been shown a moderate period paying crops of 
in our remarks on Soils that a consider- wheat without manure ; and the longer 
able portion of this matter exists in we persevere in any such attempt the 
such a chemical and mechanical state more we diminish the acreable 3deld. 
that it may be omitted from ordinary 32. A modem savant affirms the con- 
calculation. Mr. Smyth and his fol- trary in a volume whose title* alone 
lowers may say that it will become conveys a fallacy. He states that 
available as fast as it is necessary if " every soil may be said to possess 
the land be duly tilled, and they will its tillage zere of productive capability, 
even instance the success of the Lois below which, if the same amount of 
Weedon trials in support of this view tillage is continued, no mode of crop- 
of the case. But, as already remarked, ping can reduce it. If the soil be of 
all soils are not like the clay of Lois the ordinary kind, like that of Rotham- 
Weedon ; and it is, in our opinion, sted, the zero may be speculatively 
very unwise to advise, in the decided rated at from 16 to 17 bushels of 
language used by Mr. Smyth, the wheat per acre, with ordinary cultural 
"stout British farmer" to abandon the appliances ; while with Tullian bus-, 
alternate system of husbandry for a bandry the zero may be rated at from 
novel plan which may appear to a few 24 to 25, when tillage is performed 
persons as applicable to the broad by the plough, and about 34 bushels 
acres of British soil. if by the spade." We question if this 

30. Enlightened, practical agricul- assumption is true of any soil; and 
turists have been often confused by even if it were true that it is impos- 
the views that have emanated, from sible to reduce the Lois Weedon wheat 
time to time, from the minds of enthu- soil below the zero of 34 bushels 
siasts. Agriculture, like many other (which we are by no means prepared 
similar sciences, afforded ample scope 

for the genius of speculative men. A * Tillage a Substitute for Manure. Lon- 

time, however, has arrived when the don: WhittakerandCo. 
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to believe), it is a fallacy to snppose 
that other lands may not spou be 
brought to utter sterility by continued 
wheat culture without manure. The 
experience of light land farmers is suf- 
ficient to correct the judgment and 
modify the views of any one who 
entertains that notion. 

33. The exhaustion of our soil is a 
problem worthy of the most profound 
reflection. We must regard it not 
only as it concerns our own generation, 
but as it affects generations yet unborn. 
To argue, as an author already intro- 
duced in this essay has done, that if 
soil is inexhaustible within the space 
of a hundred years or so, we need not' 
concern oureelves with it, is a sordid, 
selfish, and narrow view of the subject. 
We write no less for the benefit of the 
future than for the present. And, 
starting from this point, we proceed 
to consider if the mineral food of plants 
is actually inexhaustible in soils. 

34. Confining our attention to the 
principal crops, and the more important 
mineral constituents of soils and plants, 
we get the following table of the pot- 
ash and phosphoric acid removed from 
each statute acre of ground : — 

Potaah. Phos. 
acid. 
Crop. Average produce. Ibe. lbs. 

Tamips: Bulbs ... 20 tons. ... 126 ... 83* 



further, we find in this soil and subsoil 
as much of these two substances as the 
undermentioned number of annual crops 
of wheat contain — 

Sarfocesoil. SabsoiL 
Potash enoiighforgrainand straw 888 3191 
„ „ grain alone ...2745 9864 

Phosphoric acid enoogh for grain 

and straw 166 299 
for grain alone 327 618 



i» 



»» 



Tops ... 6 



ti 



76 ... 28 



Potatoes: Tubers... 8 „ ... 223 ... 50 
Tops ... 4} „ ... 50^... 14 
Wheat: Grain ...2000 lbs. ... 10 ... 15 
Straw ...4000 „ ... 24 ... 11 
Oats: Grain ...2000 „ ... 10 ... lOJ 
Straw ...33331 „ ... 32^... 4^ 
Barley: Grain ...2000 „ ... 9 ... 17 
Straw .. 2500 „ ... 28 ... 5 
Beans: Grain ...1890t „ ••• 27 ... 28 
Straw ...3360 „ ... 107 ... 14J 
An acre, one foot deep, of the mo- 
derately retentire soil, whose 
analysis is given in our chapters 
on Soils, contains ...30,200...491 

Subsoil 108,507...778 



n 



35. Pursuing our calculations a little 

* These figures are deduced from the mean of 
numerous imalyses. The other mineral consti- 
tuents removed by these crops are given at p. 63. 

t 80 bushels, of 68 lbs. each. 



So that the soil and subsoil (both 
being supposed J two feet deep) to which 
our present calculations refer contain 
as much phosphoric acid as would suf- 
fice for the grain of 845 crops of wheat; 
and the surface soil alone for 327 such 
crops. The surface soil of a productive 
field on the Albert Model Farm contains 
(0*06) exactly half the per centage of 
phosphoric acid that exists in the fore- 
going soil, and contains as much of that 
substance as the grain of 163 crops of 
wheat ; and an additional depth of one 
foot of the subsoil of the Model Farm 
contains (0'03 per cent.) phosphoric 
acid, equivalent to the grain of 81 
crops of wheat. Taken together, the 
soil and subsoil of this field possess 
as much phosphoric acid as the grain 
of 244 crops of wheat. Another fer- 
tile field on the same farm, recently 
analysed, contains only 0*03 per cent, 
of phosphoric acid. And the soil of 
the Munster Model Faim, which yields 
excellent crops, contains only '01 per 
cent, in both surface soil and subsoil.§ 
36. It would, however, be erroneous 
to assert that either of these soils and 
subsoils would yield, without manures, 
as many crops of wheat as the fore- 
going calculations would indicate. For, 
in the first place, the phosphoric acid, 
potash, and other mineral constituents 



{ In the calculations in the text the average 
depth of soil and subsoil is taken at one foot 
for each, which must be looked upon as merely 
approximate. Many soils have a far greater 
workable depth ; but, on the other hand, 
there are many soils not so deep. 

§ Dr. Kirkpatrick*s Report on Agricul- 
turftl Schools for 1855, p. 870. 
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of the soil are not all in a condition 
available for vegetal nutrition ; and, 
secondly, granting that thej did exist 
in an available state, the surface of 
the rootlets of plants cannot come into 
contact with all the mineral matters in 
the soil. 

37. A crop of wheat removes from 
an acre of ground 34 lbs. of potash and 
26 lbs. of phosphoric acid ; but, owing 
io the incapacity of the rootlets to 
come in contact with all the particles 
of the soil, we must not expect that 
wheat will come to maturity on a soil 
containing, per acre, and in the most 
available form, only 34 lbs. of potash or 
26 lbs. of the acid of bone earth, even 
should all of the other essential mine- 
ral constituents of plants exist in abun- 
dance. We have yet to learn the 
quantities of its mineral constituents 
that denote fertility in the soil; and one 
of the most intricate inquiries that must 
be instituted, before this problem can be 
solved, is the determination of the ratio 
between the amount of nutriment in 
the soil in which crops grow and the 
food-absorbing surface of the rootlets of 
these crops. To illustrate the highly 
useful bearing of such an inquiry, and 
to elucidate the theory of exhaustion, 
we will suppose that in the case of 
the wheat crop on the Model Farm 
there exists, on an average, forty stems 
to the square foot — that each stem is 
fed by about fifty rootlets, and each 
rootlet may be assumed to possess 
the sectional area observed by Liebig, 
namely, one square milim^tre.* The 
entire number of rootlets on an acre 
would, according to this estimate, be 
87,120,000, and each would have to 
abstract from the soil about .003 grains 
of potash and .002 grains of phosphoric 
acid. Now, it is evident these quantities 
must exist in the portion of soil that 
immediately surrounds each rootlet, 

* A square milim^tre is equal to .00155 of a 
square inch. 



which, taking their average depth at 
one foot, is .0186 inches; and if .0186 
inches of soil contains .002 lbs. of phos- 
phoric acid, an acre would contain 
1923 lbs. of that substance.f 

38. An acre of the surface soil of 
the Model Farm, in which exists *06 
per cent of phosphoric acid, contains, 
within a depth of one foot, 2,457 lbs. of 
it. If from this we deduct the minimum 
quantity, 1,923 lbs., here shown to be 
essential for the wheat crop, we have 
remaining as many pounds of phos- 
phoric acid as are contained in twenty 
crops of wheat, and yet we cannot re- 
peat this crop a thu*d, and certainly 
not a fourth, time on that field with- 
out experiencing a falling off in the 
produce. This is due, in a great mea- 
sure, to causes which do not belong to 
our present subject, and which will be 
noticed when we treat of the rotation 
of crops ; but that the deficiency is partly 
owing to the exhaustion of the soil of 
mineral mattei*s does not admit of doubt. 
In the present condition of the soil of 
the Model Farm a large portion of its 
phosphoric acid may be in a dormant 
state, and, therefore, not available for 
the nourishment of crops. J May not 
this objection be met by the Lois 
Weedon or some such system of tillage? 



t We do not insist on the accuracy of 
this estimate of the minimum quantity of 
phosphoric acid required for the wheat crop. 
Many of its rootlets descend several feet m 
search of food. It is by no means easy to 
determine the amount of food absorbing sur- 
face of the rootlets of plants. 

X " In most fields ajtl the phosphoric acid 
necessary for plants is not distributed in the 
state in which it is readily available to the 
roots. One portion is simply dispersed 
throughout it in the form of little granules 
of apatite only (phosphate of lime), so that 
even though the soil may altogether contain 
more than a sufficient proportion, yet in its 
various portions there may exist in some too 
much, in others too little, for the wants of 
plants. The mechanical preparation of the 
soil would disperse these granules, but would 
not cause their thorough distribution and in- 
corporation with it. To effect this requires 
the co-operation of a chemical action." — Zie- 
biff'i Lotlers on Modem AgricuUurey p. 117. 
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We admit at once that the farmer who 
wants to emich himself by the speedy 
exhaustion of his land may, by efficient 
tillage and the application of such sti- 
mulating manures as the salts of am- 
monia, find the continuous growth of 
wheat, oats, or barley remunerative for 
a few years on a few soils ; but sooner 
or later sterility will be the inevitable 
result of such a course of cropping. 
And, again, we know that the particles 
of the soil on which the rootlets feed, in 
any one year, are partly, if not wholly, 
exhausted in that year; and, as a 
matter of course, if any of the rootlets 
of the subsequent crops should happen 
to diverge in the direction of these 
particles, the plants will not prove of 
average dimensions. It is true we may 
obviate this difficulty by thoroughly 
mixing the exhausted and unexhausted 
portions of the soil — by ploughing, grub- 
bing, harrowing, &c. ; but we cannot 
by this means avei*t that impending 
permanent injury to the soil which 
mu^t unavoidably follow. Year after 
year the annual produce will diminish ; 
the- increment of decrease maybe small, 
Imd, at first, imperceptible ; but slowly 
and surely the process of exhaustion 
proceeds, and the once fertile soil be- 
comes actually exhausted and barren. 
The soil of the Model Farm at present 
yields, when regularly manured, in the 
periodic recurrence of a rotation, average 
crops of wheat; and, no doubt, by cer- 
tain i^pliances it may be made to yield 
an av^ge crop for some years without 
manure ; but that the supply of available 
phosphoric acid would soon cease to be 
adequate to meet the wants of the 
plants seems pretty evident. 

39. But what shall we say of the 
potash, sulphuric and silicic acids, lime, 
magnesia, iron, and chloride of sodium, 
which are no less essential than phos- 
phoric acid. " These eight substances 
are," as Liebig beautifully expresses it, 
'Mike eight links of a chain round a 
whed. If one is weak, the chain is 



soon broken, and. the missing link is 
always the most important, without 
which the machine cannot be put in 
motion by the wheel." We have 
already supplied the number of lbs. of 
two of these constituent links abstracted 
from the soil, and present in the follow- 
ing table the number of lbs. per statute 
acre of the remaining constituents which 
are removed from each acre of ground : 



Crop.* 

• 


i 


i 


1 


1 


; 


Peroxide 
of iron. 


Chloride 
of sodium. 




lbs. 


lbs. 


lbs. 


rbs. 


lbs. 


lbs. 


Ibfl. 


Turnips : Bulbs 


23 


12i 


d8 


4& 


12 


4 


n 


Tops 


16 


H 


to 


m 


n 


n 


8g 


Pota- ) Tubers 
toes: Tops 


n 


21 


H 


Mi 


11 


— . 


^ 


29 


13 


80| 


12i 


7 


2 


Wheat : Grain 


1: 
t 


4 


1 


•1 


1 


Z 


•04 


Straw 


H 


m 


1 


136 


2 


i 


Oats: Grain 


1 


4i 


2i 


*27J 


14 


•1 


Stew 


1« 


61 


14 


fti 


12 


H 


— . 


Barley : Grain 


1 


4 


1 


i 


12 


i 


•2 


Qtram 


1 


6 


12 


a 


82 


ai 


104 


Beans: Grain 


8 


6 


4 


ft 


1 


i 


4 


Straw 


S 


18i 


40 

• 1 


2 


14 




84 



40. To comprehend the full appli- 
cation of these figures, we give a table 
of the quantities of the several compo- 
nent aah constituents of plants in the 
moderately retentive and friable loam 
already referred to. 



Per centa^ No. lbs. of each 
composition. constituent 



Phosphoric acid 
Potash 

6oda ..• 

Magnesia ... 
Lime ... 

Silicic acid ... 
Oxide of iron 
Chlorine 
Sulphuric acid 



•12 
•74t 
•22 
•68t 
•77 
85 -lit 
815 
^ce 
0-22t 



••« 



per acre. 

4800 

29600 

8800 

25200 

80800 

3404400 

126000 

8800 



41. This soil naturally possesses 
average fertility. , The quantity of lime 



61. 

e insoluble sili- 



* Acreable produce, as in ^ 
t Of these there existed in 
cates and sand- 
Potash '26 

Magnesia .. ..'60 

Soda -09 

Silicic acid .. ..8511 
t No Bulphuzic aci4 has been returned in i^ 
aimlys^ which may have arisen through mis- 
take, we supply the per oentage in the soil of 
^fModi^Farm. 
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in it is small in comparison with manj 
soils ; yet it exists in snflScient abun- 
dance to supply that element to crops 
for thousands of years. The quantity 
of magnesia is also adequate, and the 
store of iron and silica is so abundant 
that we may, so far as this soil is con- 
cerned, omit them in all our considera- 
tions on the subject of exhaustion. The 
same soil contains nearly as much pot- 
ash as the grain of three thousand cereal 
crops. The quantity of potash in soils 
varies exceedingly. A day loam, ana- 
lysed by Dr. Anderson, contained 2*8 
per cent, of it, which is equivalent to 
448,000 lbs. per acre, supposing the 
8oil one foot deep. In this case the 
supply of potash is to all intents and 
purposes inexhaustible. On the other 
hand, many light soils contain mere 
traces of tins alkali ; and it is vain to 
expect them to yield remunerative crops 
unless it is applied in manure along 
with any other constituents in which the 
soil is deficient. In either of these ex- 
tremes the intelligent farmer is not so 
likely to err as when he has to deal with 
soils of average quality, on which re- 
munerative crops have been grown for 
centuries without an adequate return of 
potash, &c. Rest, fallowing, and, more 
recently, alternate husbandly and drill 
culture, have developed the recuperative 
powera of those soils ; but the question 
is, how long can they continue to yield 
profitable crops without any return of 
potash from sources foreign to the 
farm ? How long, for example, could 
the soil of the Model Farm supply 
potash to the wheat plant ? The sur- 
face soil of two fields of that farm 
contain respectively of potash — No. 1, 
0-36 ; No. 2, 0-04. No. 2 would sup- 
ply potash to very few consecutive com 
crops, and to a still less number of 
crops of the potato, the tuber of which 
abstracts from each acre of the soil 
twenty times as much potash as the 
grain of wheat. And, accordingly, 
experience has long since taught the 



farmer that no amount of tillage will 
enable him to grow potatoes for a 
number of years without manure. 

42. We have so far overlooked the 
consideration that in actual practice all 
the ash constituents of our farm crops 
are not removed from the soilj but find 
their way back again to it in farm-yard 
manure, &c. In modem agriculture we 
alternate green and grain crops. The 
former and the straw of the latter are 
principally converted into manure ; so 
that without any artificial manures the 
fertility of soils, possessing a moderate 
quantity of phosphoric acid, potash, 
&c., suffers a very slight annual dimi- 
nution. 

43. It is the opinion of Mr. Lawes 
that "under a proper system of agri- 
culture, and where grain and meat 
constitute almost the exclusive exports 
from the farm, phosphate of lime is the 
only mineral which it is necessary to 
restore directly to the farm ;"* and that, 
" in actual practice, the available pot- 
ash and soda of the soil will, from the 
two causes of import of cattle food and 
disintegration of the soil, produced by 
cultivation, accumulate rather than 
diminish."! Now, the use of oilcake 
and other imported concentrated cattle 
feeding is scarcely known among the 
great mass of tenant farmers! of this 
country. When clay lands ai'e well 
tilled, the potash annually liberated 
may equal, and even exceed, the quan- 
tity removed by the sale of crops ; and, 
as already shown, many clays contain 
potash in such abundance that it i» 
practically inexhaustible. But we have 
shown, at the same time, that the sup- 
ply of this substance in many highly 
productive soils is as limited and ex- 
haustible as phosphoric acid ; and hence 
the principle enunciated by Mr. Lawes, 
that ^* the only mineral which, under a 
proper system of agriculture, itis neces- 

♦ Jour. Roy. Ag. Soc, vol. xvii., p. 696. 
t Jour. Boy. Ag. Soc. £ng., voL ziL, p. 36. 
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saiy to restore directly to the soil is 
phosphate of lime," thongh partially, is 
not generaUy true. 

44. To estimate the phosphoric acid, 
potash, &c, removed yearly from each 
acre of ground, let us suppose that a 
four-course rotation is followed, namely, 
(1) Turnips, (2) wheat, (3) grass and 
clover, (6) oats. The sale of the 
grain would cause a loss of ahont 
5^ lbs. potash and 6^ lbs. phosphoric 
acid per acre per annum. The tur- 
nips and grass are generaUy used for 
feeding cattle; and the annual loss 
caused in this way depends on whether 
the farmer breeds, or buys and fattens 
store, cattle. The phosphoiic acid re- 
moved by the sale of farm animals 
would, according to Mr. Lawes, and 
especially if no breeding stock were 
kept, be less than by the sale of grain ; 
and the amount of alkalies sent off the 
farm in the former would, according to 
direct experiments at Bothamsted, be 
only about one-fourth that of the phos- 
phoric acid.* 

45. As the exhaustion of each faim 
varies with the system of manage- 
ment pursued upon it, we shall en- 
deavour to compute the total quantity 
of mineral matters annually removed 
from the soil of this country. The 
statistics at our command are not 
altogether satisfactory, but we can elimi- 
nate approximate results. It may be 
assumed that the soil receives backf but 
a relatively small proportion of the con- 
stituents removed from it in the grain 
of the cereal and leguminous crops, in 
the tuber of the potato, and in milk. 
Now, the amount of phosphoiic acid 
and potash taken out of the soil of 
Ireland by these articles is as fol- 
lows : — 



* Jour. Roy. Ag. Soc. Eng., vol. xii., p. 36. 

t Seaweed, which is used as a manure 
along the sea coast, brings a certain quan- 
titj of mineral matters to the soil ; and the 
same may be said of fisi). 



Arerage area under Atotraeted from the sail 
cropa annually. 

Acres. lbs. lbs. 

Phosphoric add. Potttsb. 
(in srrain) (in erafo) 
Wheat 650,000 8,250,000 6,050,000 
Oats 2,000,000 21,000,000 20,000,000 

"^Bere*} 270,000 4,690,000 2,430,000 
Rye 15,000 135,000 76,000 

^Peas*} ^^'^^ 364,500 378,000 

(in tnbers) On tnbers) 

Potatoes 1,200,000 66,000,000 249,760,000 

Milkt — 6,976,000 4,645,000 



Total 



••• 



97,314,600 283,238,000 

46. Ninety-seven millions of pounds 
of phosphoric acid, and two hundred 
and eighty-three ndllions of pounds of 
potash, are taken out of the soil of this 
country annually by the crops grown for 
human food, and by milk ! To replace 
the phosphoric acid it would take more 
than 300,000 tons of a superphosphate 
containing 30 per cent, of phosphate of 
lime, which may be regarded as the 
standard percentage in first class super* 
phosphates ; and it would tak^ more 
than 3,700,000 tons of genuine Peru- 
vian guano to replace the potash.§ 

47. The foregoing estimate does not 
give with scientific precision the number 
of pounds of phosphoric acid and potash 
of which the soil of Ireland is annually 
deprived by milk and the chief market- 
able crops, as a portion of the excre- 
ments of the population and live stock 
partly fed on these commodities finds 
its way back again to the fields. But^ 
on the other hand, it omits certain other 
sources of waste, such as the bones, 
of the animals exported, &c. We 
will, therefore, have recourse to another 
mode of aniving at the result, namely, 



X There are about 1,500,000 milch cows In Ireland, 
and we assume th:it the average yield of each ia 
S,000 lbs. per annum ; and thas the milk hta the 
averafre compooition sriven by Haidlen. 

§ Bones, according to the analyses of Ber- 
zelius, contain no potash ; and, consequently, 
superphosphates made from bones are quite 
incapable of restoring potash to the soil. 
Genuine Peruvian guano contains about 24 
per cent, of phosphate of lime, or a fifth leas 
than first class superphosphates. 

I 
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a comparison of exports and imports, 
&Q. As the quantity of phosphoric 
f^id, &c., in the wheat and Indian com 
imported is about equal to that in the 
cereals and pulse exported, we will 
confine ourselves to the exports of live 
stock, emigration, deaths, and sewage. 

Our exports in 1858 were about 
350,000 oxen, 600,000 sheep, 300,000 
swine ; to which add 64,837 native 
bora Irish who emigrated, and 133,000 
who died ; all containing at least 
25,000,000 lbs. phosphoric acid.* 

48. The total population of Ireland 
on 81st Dec, 1858, was 6,009,113; 
and assuming the excrements voided 
dailj, at the average for all ages and 
sexes, to be — 

Of urine 2 lbs. 

Fasces 3 oz. 

the total phosphoric acid voided by the 
population is about — 

In urine . 240,000,000 lbs. 

In fasces . 22,000,000 lbs. 



262,000,000 lbs. 

fa) It is exceedingly difficult to de- 
termine how much of this is retmned 
to the soil. In towns having each a 
population of 2000 and upwai'ds, the 
excrements are for the most part lost ; 
and as these towns have an aggregate 
population of about 1,000,000, or one- 
sixth of the whole, we will assume that 
^ere is, in these towns alone, a loss 
of about 44,000,000 lbs. of phosphoric 
fudd. 

(b) A great portion of the faeces of 
the inhabitants of smaU towns, villages, 

* According to Liebig, an ox weighing 
about 5 cwt, (550 lbs.) contains 183 lbs. bones, 
pf which phosphoric acid is nearly 120 lbs. ; 
and in the hide, flesh, and other parts there 
are 15 lbs. of phosphates. The skeleton 
(bones) of an adult is said to weigh from 
10 to 13 lbs. According to the ultimate 
analyns tabulated in the Kensington Mu- 
seum, the body of a man weighing 154 lbs. 
contained of 

lb. oz. grs. 
Pkosphonts 1 13 190 

Kitn^Sea .. 8 8 

PotfMiim . . 290 



and rural districts may be supposed to 
be utilised ; but a very considerable 
portion of their urine is wasted. Taking 
the waste at one-fifth, there is a loss of 
40,000,000 lbs. of phosphoric acid. 

49. Summarising the foregoing cal- 
culations, we find the total phosphoric 
acid annually removed from the soil 
of Ireland to be — 

lb!«. 
a In the exports and deaths ... 25,000,000 
6 In the urine and fesces of the 

population of large towns ... 44,000,000 
c Do. in rural districts ... 45,000,000 



114,000,000 



AVe would require about 350,000 
tons of supei-phosphate, or more than 
400,000 tons of Penivian guano, to 
replace this drain upon the mlage and 
pasture fields of Ireland. 

50. It would be exceedingly interest- 
ing, and no less instructive, to compare 
this estimate of the exports of the mine- 
ral constituents of the soil with the 
consumption of guano and superphos- 
phates, and of oilcake and other feed- 
ing substances. Unfortunately, we are 
again met with an insuperable obstacle 
in the absence of accurate statistics. 
We have placed ourselves in commu- 
nication whh the leading men engaged 
in the manure trade, and from their 
replies we conclude that there are about 
10,000 tons of superphosphates and 
bone manures of all kinds used in this 
country, and, probably, about the same 
quantity of Peruvian guano^qnantities 
which are small in comparison with the 
exports of the minerals of the soil."|' 



fWe have not been able to elicit much 
information as to the consumption of oil-cake, 
&c. Messrs. M'Garry and Sons, of Cook- 
street, Dublin, the principal manufacturers of 
feeding cake, inform us that the consumption 
of their linseed-cake last year was 1300 tons; 
rape-cake, 400. The exhaustion of the arable 
portion of the soil may be prevented, to a 
greater or less extent, by converting the rocks 
of the country into manure. For, as Dr. 
Hodges forcibly remarks, in these rocks we 
possess enormous accumulations of phosphoriQ 
acid, and other essential dements of wheat 
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51. We submit that these considera- 
tions teach an important lesson to far- 
mers, statesmen, and the nation at large. 
A wUling soil has for centuries been 
robbed of its own body; and imless 
we heed in due time the imminent 
position in which we stand, a crisis 
may arise more terrific than any we 
have yet experienced. The day of 
retribution may be distant ; but unless 
the British nation takes steps to avert 
the evil, it may, like other peoples, 
become degenerate and effeminate, with 
the deficiency of crops consequent on 
the exhaustion of the land. 

52. A glance at the history of ex- 
haustion in other lands confirms this 
view. The rapid exhaustion of many 
of the United States of America tells 
an instructive tale. In the state of 
New York the average produce of 
Indian com decreased in ten years 3} 
bushels per acre ; and the average yield 
of com, which eighty yeftrs ago was 
from 25 to 30 bushels, is now only 12 
bushels. The tobacco, a very exhaust- 
ing crop, reduced many districts of the 
northem states — e.g., Virginia and Ken- 
tucky — ^from extreme fertility to hope- 
less sterility. And in Germany, too, ^ine 
culture, which a couple of centuries 
ago formed a staple branch of mral 
industry, died out for want of nourish- 
ment, just, to use the figurative expres- 
sion of Liebig, "like the flame of a 
lamp for want of a supply of oil." 

There are those who will regard the 
Strain of thought in which we indulge 
on this subject as beautiful in theory, 
bat opposed by the history of mankind. 

and beef, of bone and milk. To some extent 
these resources, composed of the accumulated 
mineral matters of the ancient world, have 
been used most successfully to give our soils 
new powers of production. There are various 
chemical means which might be adopted to 
render these effects more energetic ; and even 
when applied without chemical preparation, 
the contents of our beds of green sand, rich 
in animal remains, have been advantageously 
employed in the growth of turnips, as a sub- 
stitute for dissolved bones." — Jour, Chem, A<fr. 
Soc Ulster, Feb., 1860. 



It will be said that the acreable pi'O- 
duce of our cultivated crops, instead of 
diminishing, has largely increased ; and 
the following average acreable produce 
of the soil of England may be quoted 
from the ingenious work on "Tillage 
a Substitute for Manure'* : — 

Wheat. Barley. Oats. 
1. In the 18th century ... 12 24 24 
8. Latter end of leth do. 16 to 20 86 82 to 40 
8. Third qr. of 18th do. 23 to 24 82 86 
4. Middle of the 19th do. 26} 88 44 



These figures may or may not be true ; 
we care not which. They do not dis- 
prove om* conclusions. Agriculture, 
both as an art and as a science, has 
made progress. New appliances have 
enabled the farmers of each succeeding 
generation to develope the capabilities 
of the soil ; and no reflecting mind can 
oppose our views on exhaustion by insti- 
tuting a comparison between the acre- 
able yield of land in the days of Arthur 
Young, when the practice of agricul- 
ture was rude and imperfect in the 
extreme, and that of our time, when 
we are guided by the light of science 
and aided by improved implements and 
other accessories of tillage. But with- 
out an adequate return of the exports 
of the soil, in the shape of artificial 
manures and cattle feeding, no amount 
of science or skill will suffice to main- 
tain the land in a progressive state of 
fertility, or even at its present mode- 
rate productiveness. We have for 
centuries subjected it to a slow system 
of spoliation. We have weakened the 
links which complete the circle of fer- 
tility ; and if we blindly persevere in 
the same course the chain will sooner 
or later snap, as surely as efiect follows 
cause. There is hidden in many soils, 
it is tiTie, a prodigious amount of ma- 
terial which the farmer can manipulate 
into the substance of the connecting 
link; but there is no such reserved 
store in the gi'cat bulk of our light 
lands, of which the productive soil 
of the Monster Model Farm is a con- 
vincing illustration, 
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CHAPTER III. 



THE MONET VALUE OF MANURES. 



53. We have now glanced at the seve- 
ral constitaents of manure, and the 
theory of their action, and will next 
proceed to consider how their money 
valae is ascertained. This part of the 
subject b a little intricate, but its care- 
ful study deserves the fullest measure 
of attention from the farmer who wishes 
to purchase good manures at the cheap- 
est cost, and to protect himself from 
the fraudulent practices of dishonest 
dealers. 

Many of the constituents of manure 
are so abundant in the soil, or obtainable 
at so cheap a rate, that they are omitted 
in estimating the money value of ma- 
nures. No doubt, the presence of the 
cheaper constituents in a manure may 
enhance its value, and make it a more 
complete fertilizer ; but some of them 
are quite unnecessaiy for many soils, 
and the others are not always required. 
The constituents usually valued are — 
(1), organic matter ; (2), ammonia or 
nitrogen; (3), insoluble phosphate of 
lime ; (4), soluble phosphate of lime ; 
(5), potash ; (6), alkaline salts ; and 
(7), sulphate of lime. We will consider 
each of these. 

54. — ^The (1) organic matter of ma- 
nures has been valued by some chemists 
at £1, and by others at 10s. per ton. 
It is exceedingly difficult to fix a money 
value upon it, as its efficacy depends on 
the readiness with which it would pass 
into carbonic acid and ammonia. This 
is clearly shown in the case of coal, 
the organic matter of which is valueless 
as a manure. Generally speaking, 10s. 
a ton is full value for organic matter, 
but when it contains much nitrogen^ 



and is not derived from such a source 
as coal, it would be worth £1 per ton. 
55. — It is not easy to fix on a stan- 
dard price of (2) nitrogen, as it may exist 
in manure either in the form of ammo- 
nia, a salt of ammonia, or be locked up 
in the structure of the substances fonn- 
ing the manure ; and its effects on plants 
depend materially on whether it exists 
in one or other of those states ; so much 
so, that Dr.Voelcker estimates the value 
of the nitrogen in ammonia at one-third 
more than the nitrogen in animal or 
vegetable substances. The advanced 
agriculturist, who estimates the real 
importance of economizing time, will 
always seek to obtain a manure in which 
the nitrogen exists in a state, say, of 
actual ammonia, in which it can min- 
ister to vegetable nutrition as soon as 
it is put into the ground, in preference 
to the " potential" state, as Dr. Ure, 
many years ago, denominated the nitro- 
gen that may,' in course of time, be 
convei*ted into ammonia. That it is 
desirable to take the state of combina- 
tion of the nitrogen into account in 
estimating the value of a manure may 
be evidenced by one or two examples : 
— Ist. Estimating the value of a speci- 
men of Welsh coal by the quantity of 
nitrogen which it contains (upwards of 
2 per cent), it would be worth more 
than £1 per ton, and yet no farmer 
would pay the cost of its carriage for ma- 
nure. 2ndly. We know that the organic 
matter of unboiled bones is one of the 
cheapest sources of nitrogen at our com- 
mand ; yet t he fanner will generally find it 
more profitable to purchase it at a much 
higher piice in guanOi in which it exists 
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in a more active and available condition. 
In blood and horn shavings we can 
purchase nitrogen at a comparatively 
low price ; but we question verjr much, 
indeed, if it be not more profitable to 
bnj it in guano or sulphate of ammonia. 
It follows from these pi*emises that 
the common mode of ascertaining the 
amount of nitrogen in manure is not 
satisfactorj, as no attention is paid to 
its state of combination. 

The value of the ready-formed am- 
monia of manures is much more easily 
determined than that of the nitrogen in 
the potential state, as it exists in seve- 
ral commercial salts. The liquor of the 
gas works is, perhaps, the cheapest 
soorce of ammonia, but the supply is 
so limited, compared with the present 
demand for ammonia, that it may be 
overlooked. The cheapest salt of am- 
monia, and the only one used extensively 
in agriculture, is the sulphate, a salt 
foimed by the union of pure sulphuric 
acid, water, and the gas ammonia. 
Every 100 lbs. of pure sulphate of am- 
monia consist of — 



Ammonia ... 

Sulphuric acid ... 
Water ... 



... 22*7 lbs. 
... 63'3 „ 
... 24-0 „ 



The salt of commerce contains impuri- 
ties to the extent of 10 per cent, or so ; 
we may, therefore, assume the compo- 
sition of every 100 parts of commercial 
sulphate of ammonia to be — 



Ammonia ... 

Sulphuric acid ... 
Water ... 



... 20-4 parts. 
... 480 
... 31-6 



ti 



The current price of the salt of commerce 
is from £15 to £16. If from the price 
of one ton of agricnltaral sulphate of 
ammonia, say £15, we deduct the value 
of 1,075 lbs. of sulphuric acid contained 
in the ton, which would be supplied by 
the sulphuric acid in about one ton (20f 
cwt.) of sulphate of lime, or gypsum, 
for about £1 10s.,* there remain £13 



lOs., as the cost of the 457 lbs. of 
ammonia in a ton of the sulphate of 
commerce, which is £65 6s. 4d. per 
ton, or a fraction over 7d. per lb. 
When Peruvian guano is £13 per ton, 
its ammonia costs about 6d. per lb., or 
£56 per ton. 

56. — Insoluble phosphate (3) of lime 
exists in sevei'al commercial substances. 
We find 70 per cent, of it in bone ash 
and animal charcoal The manure 
manufacturer can purchase these sub- 
stances in the English market at from 
£4 10s. to £5 per ton. If we take the 
price at which they are sold to the fanner 
to be £6, he pays in these substances up* 
wards of £8 10s. per ton for phosphate 
of lime. We have recently procured 
ground bones containing 46 per cent, of 
phosphate of lime, and 5 per cent, of 
nitrogen (eqaal to 6 per cent of am* 
monia) for £7 — 

If from the entire cost per ton ... £7 
We deduct the value of , the am- 
monia at j£56 per ton ... ... 8 7 2 



£8 12 10 



* In the scale, p. 72, we value g^^um at £i 
per ton} bat have in this calculation aaiamed 



The remainder gives the cost of the 46 
parts of phosphate of lime, which is 
equivalent to £7 16s. per ton. In 
coprolites we can purchase phosphate 
of lime cheaper than in any of the fore- 
going substances. Coprolites have been 
recently sold for 38s. and 50s. in the 
unground and ground state respectively. 
If we assume the retail price in the 
latter state at £3 10s. per ton, and 
that they contain the average percentage 
(56) of phosphate of lime returned by 
Way, the farmer could procm*e phos- 
phate of lime in coprolites at £6 per 
ton. The chemical substance known 
as phosphate of lime may, therefore, be 
said to cost the farmer — 

a, In coprolites ... £6 per too. 
bf Bone ash 8 10 „ 

80s., as it could not be obtained in the market 
cheaper. The sulphuric acid in sulphate of 
ammonia may prove more cdficacious than th^ 
fame acid in gypsum. 
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c, Ground bones ,„£7 6 per ton. bi-phosphate. The former is applied 

d And in boiled bones ^ lu • i ui u i. -l a. vl • 

he ought to have *^ **^® insoluble phosphate after it is 

it for 7 0,, acted upou by the acid, whereas the 

It is ffenerallv believed that the T)hos- ^^*P^?«P^*^ ^^ the name of the new 

u * ir 1'x r 1*^x1 1 combination of the phosphoric acid and 

phates of coprohtes are of httle value r t-k vi u i, * i n j 

5«*-i -«4.«^ ^ k 1 u • -J ""^^» The bi-phosphate was also called 

untd acted upon by sulphnnc acid. suDerohosDhate but the latter namP ia 

67.— Of all manurial constituents, (4) s^P^ipliospliate, but the iattei name is 

i.:^k«««i>«*^ ^cv • XV J^J ^t tne present day apphed to artificial 

biphosphate of hme is the one most dif- _5 , i ;i *^ j- r ^u • 

A ^^. r u- -^'xu' <ti. r manures largely depending for their 

ficult to bring withm the scope of any , ,, ^, / b h tp F Ih 

commercial test, as there is no substance « ,. ? ? .^*^^ j?^ *, * , ^^^ ' 

whose sole valne depends upon it. It a^^ed fro^ 1-56 lbs of bsol^b^ ot 

18 readUy produced by pounngsnlphtmc ^^ ^^^ ^^ ^.^^ ^ j^ ^^ j^ 

acid upon any substance contaimng j^^ JL. ^.^^ , , , , i . tt ' 

phosphate of lime. The changes that denominated soluble phosphate. Hence, 

lake place are thus briefly described \ ^\^^^V^7 the percentage of bi- 

by Dr Cameron_l. The carbonate of t^^^^ "" any manor* by 1-56, we 

I'l. / w X.' 1 • V • fiiid the correspondmg amount of soluble 

lime (which is present m bones m vary- ^i, h te 

ing proportions, 5 per cent, being a fair P,P •^. . , v^-^ 

- il \ • A J. r 11 _x J • X III converting the phosphate into 
average) is first of all converted into ... . x r r ^ ^ . . k 
-«i^i,«*/ ^i? !•«« o Tu V • • bi-phosphate of hme, we require 45 
sulphate of hme. 2. The basic, or m- ibs of real acid for everv 100 lbs 
soluble phosphate of lime, loses a por- ^J- ^^ f® , ^'^. ^^"^ '"''^7 T 
*:«« ^4f •*« rVv. I." I. • • X J of phosphate, or for every ton of pure 
tion of Its hme, which is appropriated ^ijil^hate we have to add 1 008 lbs 

by the sulphuric acid, forming with it a ^f i ^^® r!\^ ^ r V v. 

- 1 1, X r^' rJ' r xu x of real aciQ, which are supplied by 
sulphate of lime. It is from these two i 036 lbs of the best itriol of com-. 

causes that so large an amount of gyp- ' rr i. u x i? r I 

. r. -J .%..,., , ^^\. merce. If phosphate of lime were not 

o^, i. . . • X* J V ' associated with carbonate of lime, the 

The hme remaimng unappropriated by - , material emnlovpd in 

thft snlnhnrir arid forma with fhp PTrPss material empioyCQ m 

^^^!w^^l on/^TVr ^^'^/^^ff producing a ton of bi-phosphate of lime 

of phosphonc acid, a compound— the ^ , , be stated thus •_ 

bi-phosphatfe of Ume, readily soluble in ^"^"^ ^ *'*^^ ^^"^ ' 

water, and containing more phosphoric ^ ton of phosphate of lime, in cop- 

acid than the bsoluble phosphate. The To'^STaddtevateof thenece^^' " " 

composition of the two substances in sary acid— viz., 1,236 lbs., at id. 

every 100 parts has been given by per lb. ... ... ...6 8 

Way as follows : — ^n 3 q 

Tiu u X «ii_ * •»• V 1- X From this sum deduct the value of 

T>i, . v • Phosphate of Ifane.* Bi-phosphaie. ^^ sulphate of lime produced— 

Phosphonc acid 48 J lbs. ... 71i lbs. Z^Z 1 tos n.. «♦ an. r^or 1 a o 

Lime 61f „ ... 24 » ^ * '^^ "'^' ** ^^* ^ I B 

Great confusion has been produced by 

the two terms, soluble phosphate and And we get 1,523 lbs. of bi-phosphate 

of lime for £10, or about £15 per ton. 

• Chemists are not agreed as to the precise ^^^ phosphate of lime does not exist in 

chemical composition of phosphate of lime, or of nature as a distinct COmpound. In CO- 

the changes that take place in dissolving bones. 1.. 1 o ^^ • ^ • x j -xi. 

For a long Ume the phosphate of lime in bones prolltes, DOUes, &.C., it IS associated With 

was expressed by the formula 8 Cao., POs. More carbonate of lime. Now, it WOuld take 

recently it has been regarded as a combination a i^r\^ %■, /. 1 »'. 1.1 

of eight chemical equivalents of lime, with three 4,000 Ibs. Of the COprolites tO whlch 

equivalents of phosphoric acid, or 8 Cao., 8 PO5. nnr ralrnlatinna rofpr f/) rontiiin a ton 

It is highly probable that the acid and base exist ^^^ caiCUiauons reier 10 coniain a lon 

in different proportions in bones and conrolites. of phosphate of lime : and this WOuld 

a^r^Jy^ "" *• blphoaphate of lim. to ^ ^^^ ^^ g^^ H^^^ ^^ CarbOMte of 
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lime,* to neutralize which there should 
be added about 600 lbs. sulphuric acid, 

At a cost of ... ... ... £2 10 

From which deduct the value of 
1,020 lbs. sulphnte of lime thereby 
produced, at SOs. per ton ... 13 8 



£1 16 4 
Add cost of the bi-phosphate, as 
determined in preceding calcula- 
tion ... ... ... 15 



And we get 



£16 16 4. 



The total cost of the raw material (at 
retail prices) employed in producing 
from coprolites a ton of bi-phosphate of 
lime ; and by similar calculations we 
could determine the cost of producing 
it from bones, &c. It may be safely 
assumed that fanners would be able to 
procure the raw material necessary for 
producing a ton of bi-phosphate of lime 
at a cost not exceeding £20. Could 
the manure manufacturer sell it at this 
price? We are assured by some of 
the most respectable and intelligent 
men in the trade that, owing to the 
enormous outlay in putting up buildings 
and Machinery, the heavy annual outlay 
for advertisements, the liberal commis- 
sion given to local agents, and the risk 
of bad debts, it is quite impossible to 
do so. How, then, are we to arrive at 
the money value of a ton of this sub- 
stance ? It may be done in two ways 
— (1) We may, in the foregoing man- 
ner, estimate the cost of the raw 
material employed in the manufacture 
at trade prices^ ; and add a percentage 

* A specimen of Cambridge coprolites re- 
cently examined for uscontamed 15 per cent 
of carbonates. The mean of three specimens 
of true coprolites, examined by Mr. Herepath 
{vide Jour. Roy. Ag. Soc. £ng., vol. xii., p, 
101), contained 18-33 per cent, of carbonate 
of lime. In several specimens of coprolites a 
ton of phosphates would be associated with 
8 cwt. of carbonate of lime (Anderson). 

fThe foUowirig are the terms on which 
Messrs. Wickens and Palmer, of 15, Mark- 
lane, London, offer the principal materials 
used in the fabrication of artificial manures. 
Their circular is dated January, 1860. 

Guano, Peruvian, £13 and £18 lOs. per ton. 
„ „ damaged, £7 and i&ll do* 



sufficient to cover all expenses and 
casualties. We have failed in obtain- 
ing any data for arriving at a safb con- 
clusion on this point. (2) According 
to the other mode of determining the 
money value of bi-phosphate of liiiie, 
we proceed on the supposition that all 
respectable manufacturei-s sell this sub- 
stance at a fair price inartificial mahures; 
If from the cost of a ton of any genuine 
superphosphate, we deduct the value of 
the insoluble phosphate, organic matter, 
ammonia, alkaline salts, and gypsum, 
the remainder is the price we pay for 
the bi-phosphate. This mode is very 
objectionable, and violates the com- 
mercial law which says that the price 
of an article is regulated by both buyer 
and seller. In the case before lis the 
price of bi-phosphate of lime is deter- 
mined by the manufacturer; and theoiily 
agency that can prevent its becoming ex- 
orbitant is the competition in the manure 
trade. The manure is, perhaps, analysed 
by the chemist, who generally estimated 
its value. The fanner supposes that 
the price has been determined by thd 
chemist ; whereas, in reality, it is fixed 
by the manufacturer. Our view of the 
current unsatisfactory mode of deter- 
mining the value of bi-phosphate of lime 
is clearly evidenced by the fact that 






»» 



Guano, BoKvian. £8 pet ton. 

Califomian, £5 do. 

Kooria Mooria, £3 16s. and £5 158. do. 

jSombrero, £5 do. 

Superphosphate of Lime, £4 15s. do. 

Dissolve Bones, £5 15s. do. 

Dried Flesh and Blood, £8 do. 

Com Manure, £5 and £6 do. 

Sulphate of Ammonia, £13 lOs. and £14108. dO. 
Niteitc of Soda, £16 and £17 do. 

9ut, c&nimon, £1 5s. cb. 

KitreSalt, tl 58. do. 

Gypsum, £1 Ss. do. 

Coprolite, finely gronnd Cambridge. £8 158. do. 
. Do. do. Suffolk, £2 lOs. do. 

Apatite, £6 do. 

Animal Charcoal, £4 *5s. and £4 158. do. 

Bone Ash, U 10s. and £5 lOs. do. 

Bones (cattle), £4 15s. do. 

Bones (i-iuch), 16s. per qr. 
Bone Dust, 18s. do. 

Vitriol, concentrated. Id. — 10 per cent, per lb. 

„ brown, id.— 10 per cent. do. 

Sugar Scum, 15s. per t<m« 
Bags, Woollen, SOs. to 1058. do. 

PiK, Land, 458. and 708. do. 
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different scales are adopted by different 
chemists, which, indeed, must continue 
to be the case as long as these scales 
are dednced from the manures of diffe- 
rent manufiEbcturers, whose ideas of 
what constitutes profit are very various. 
And, accordingly, we find three well 
known analytic chemists of the present 
day give the following as the com- 
mercial value of a ton of 

G. H. A. 

Soluble phosphate of lime £20 £25 £di 
Bi-phosphateoflime... £31 £39 £53 

On the present occasion wo shall adopt 
the medium rates, viz., £25 for soluble 
and £39 for bi-phosphate of lime per 
ton, which are the estimates of Dr. 
Hodges. 

58. Potash can be obtained in seve- 
ral commercial salts, whose prices 
fluctuate. In carbonate of potash, at 
from 30s. to 42s. per cwt., potash costs 
from 5d. to 6^d. per lb. ; in nitrate of 
potash, at 28s. per cwt., it costs 6|d. ; 
and in sulphate and muriate of potash, 
at 12s. or 13s. per cwt., it costs 2^d. 
per lb., which in round numbers is 
about £20 per ton. 

59. The alkaline salts, exclusive of 
those of potash, and including common 
and other salts, may be put down at 
£1 per ton. 

60. The present market price of 
gypsum is about 80s. a ton. Dr. 
Anderson at one time seemed dis- 
posed to place no value on it in esti- 
mating the value of manures, as it is 
produced in superphosphates not so 
much for the benefit of the farmer as 
for the convenience of the manufacturer. 
More recently he values it at 10s. a ton. 
We adopt a medium price, £1 per 
ton. Tabulating the foregoing esti- 
mates, we get the following average 
scale of the 



Prices, per ton, of manuro 
oonstituents. 
Organic matter ... ... £0 10 

Ammonia, 6d. per lb. ... ...^ 56 

^"rfUm'l P'^^P'"'*} Id. perlb.= 7 

Soluble phosphate ... ... £25 

Bi-phosphate ... ... 39 

PoUsh, 2M. per lb. ... ...»= 20 

Alkaline (chiefly soda) salts ... 10 

Gypsam (sulphate of lime) ... 10 

In applying this scale for calculating 
the vsdue of a ton of any manure the 
simplest rule is to consider the per* 
centage of ammonia, bi-phosphate, &c., 
in the manure as the number of tons of 
those matters contained in 100 tons of 
the manure (for 5 per cent, means 5 
tons in every 100 tons, or 5 lbs. in 
eveiy 100 lbs.) ; multiply the percentage 
of each ingredient by its price per ton, 
and the sum of the product divided by 
100 gives the price per ton. And for 
simplifying the calculation, decimals 
under '25 may be disregarded ; those 
from "25 to '75 may be considered 
half a unit ; and those over *75 may be 
reckoned an additional unit. In order 
to illustrate the application of the scale, 
we will estimate the money value of a 
spurious manure recently analysed by 
Dr. Hodges, sold in Newtownards, under 
the false name of bone manure. Its 
analysis and value may be stated 
thus:— 

p. cent. Value of 100 

composition. tons. 

Water 5-42 X £0 =£000 

Organic matter 19 -98 X IDs. = 10 
Ammonia None * 

Phosphate of lime 13-08 X £7 = 91 
Carbonate of lime 9-30 X £0 = 
Alkaline salts 2918 X £1 »= 29 
Containing phosphoric acid, 

equal to soluble phosphate 

of lime 1.46 X £25 = 37 10 

Sand 23-04 X £0 cs 

Value of 100 tons ... £167 10 



1 ton 
Selling price ... 



»» 



... 
... 



Deficit per ton 



£1 13 6 
7 

£5 6 6 
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61. Manures have been varionslj 
classified by different authors. One 
divides them according to their origin, 
into animal, vegetable, and mineral ; 
another divides them into organic and 
inorganic ; while a third reduces them 
to natural and artificial. All these 
classifications involve what logicians 
would call cross divisions. The most 
correct mode of cla8sif3dng manures is 
evidently in accordance with their 
composition. The class-name of any 
manure should, therefore, be derived 
from the constituent on which its com- 
mercial value and efficacy depends. In 
accordance with this view, the princi- 
pal manures at present vended have 
been divided into (1) nitrogenized or 
ammoniacal, and (2) phosphatic. But 
any such classification is imperfect, as 
many manures, e.^., Peruvian guano, 
contain both the nitrogenized matters 
and phosphates. This remark is still 
more applicable to the most important 
and most universally used fertilizer, 
namely, farm-yard manure, which we 
have now to consider. like every 
other manure, the fertilizing effects of 
farm-yard manure depends on its com- 
position. It may, therefore, be tested 
by the same standard. Until very re- 
cently we possessed no accurate ana- 
lyses of this substance. Dr. Voelcker, 
one of the first agricultural chemists 
of the age, has, in a paper* of great 
interest, published a series of ana- 
lyses,* which we shall review. In 
the following table we give detailed 
analyses of farm-yard manure in (1) a 

•* Jour. Roy. Agric. Soc. Eng., vol. 17. 



fresh and (2) a well-rotted state. Both 
were composed of the excrements of 
horses, cows, and pigs, together with 
the straw used in littedng them. The 
fresh manure was only fourteen days in 
the dung pit, during which no rain had 
fallen. The rotten dung was in a heap 
for six months, and by fermentation 
was reduced to "dark brown, almost 
black spit dung." 

Farm-yard Manure. 
Fiesh. Well-rotted. 



Water 

'Soluble organic matter 
t f, ash 

{Insoluble organic matter 25*76 
ash ... 4*05' 



6617 
2-48* 
l-54t 



)) 



100-00 



* Containing nitro^n ... 0*149 

Equal to ammonia ... 0*181 

X Containing nitrogen ... 0*494 

Equal to ammonia ... 0*599 

The manure contains am- \ 0.004 
monla in free state* J 

in form of salts* 0*088 



... 
•.. 
.■ . 
... 



»» 



t The soluble ash consists of— 

Soluble silica ... •237 

Phosphate of lime ... *299 

Lime ... ... *066 

Magnesia ... ... *011 

Potash ... ... •573 

Soda ... ... *051 

Chloride of sodium ... *030 

Sulphuric acid ... -055 

Carbonic acid and loss '218 



... 
... 
... 
... 

... 
... 
... 
... 
... 



154 



§ The insoluble ash consists of— - 
Soluble silica ... *967 

Insoluble ... ... '5Q1 

Oxides of iron and alu- 1 -gg 
mina, with phosphates J 
Containing phos. acid (*178) 



76-42 
3-71 
1*47 

12-82 
6*58 

100*00 

0*297 
0-36 
0-309 
0-375 

0*046 

0*067 

•254 
•382 
•117 
•047 
•446 
•023 
•037 
•058 
•106 

1*47 

1*424 
1*01^ 

•947 

(•274) 



* In the analyses the amount of ammonia con- 
tained in the manure, in the state of volatile 
ammoniacal compounds, is, for the sake of 
brevity, called free ammonia. The portion men- 
tioned in the state of salts is that which, after 
the volatile ammonia compounds are distilled 
off, remains behind in the manure in a fixed state. 
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Eqaalto bone earth (-386) ... (.573) 

Lime ... ... 1'120 ... 1-667 

Magnesia ... ... *143 ... *091 

Potash ... ... '099 ... -045 

Soda ... ... -019 ... -038 

Sulphuric acid ... -061 ... -063 

Carbonic acid and loss '484 ... 1-295 



4-05 



6-58 



62. We learn several interesting facts 
from these analyses. Thus, weight for 
weight) farm-jard mannre in a well 
rotted state contains much more solnble 
or active organic matter than in the 
fresh state. And not onlj is the abso- 
Inte percentage amount of organic 
matter greater in . well decomposed 
manure, but it is relatively richer in 
nitrogen. Thus, 100 parts of dry or- 
ganic soluble matter from fresh dung 
contain 6.14 parts of nitrogen, and 
100 parts of the same kind of matter 
from rotten dung 8.02 parts.* Well 
rotted dung is also richer in solnble 
phosphate of lime. These facts ftiUy 
account for its more immediate action. 

63. If we apply the commercial scale 
already given (p. 72) to the' well rotted 
sample of farm-yard manure, whose 
analysis is given above, we shall find 
its value per ton, as follows : — 



Organic matter ... 
Ammonia 

Soluble phosphate! 
of lime . J 

Insoluble do. 
Potash 



16-63 
.735* 



X lOs. 
xi;56 



£8-265 
41-160 



•38 X £26 = 9-600 



•67 

•49 



£7 
£20 



3-890 
9-800 



Value of 100 tonsf 
of 1 ton = 14s. 



= £72-616 



»> 



64. Farmers knew the eflScacy of 
farm-yard manure long ere its compo- 
sition was accurately ascertained ; and 
the calculation we have made of it3 



* It is interesting to note that the percentage 
of nitrogen is greater in the soluble than the 
insoluble organic matter of fresh farm-yard 
manure. The former contains 6.04 parts of 
nitrogen in every 100 parts ; the latter only 
1.92.— Jour. Boy. Ag. Soe. Eng.. voL 17, p. 
199. 

f In this valuation we omit the ammonia in a 
free state and in the state of sftlts ; as well as the 
alkaline 8alt0. 



commercial value only confirms the 
views of practical men. No artificial 
manure can bear comparison with well 
made dung, which, to use the emphatic 
words of Dr. Voelcker, " is perfect and 
Universal*' — universal, because it con- 
tains all the constituents which our 
- cultivated crops require for their pro- 
duction ; perfect, because experience as 
well as chemical analysis show that it 
contains the fertilizing constituents in 
states of combination favourable to the 
luxuriant growth of these crops. Liebig 
insists that farm-yard mannre can be 
replaced and even surpassed by mineral 
substances, sulphate of ammonia and 
sal-ammoniac included, and that the 
oi'ganic matter in farm-yard manure 
can be completely restored by artificial 
means. t But science and art have not 
yet realized this notion. And in the 
present state of knowledge, and as " the 
number of various chemical compounds 
in farm-yard manure is exceedingly 
great, and many of them, no doubt, 
exist in states of combination different 
from those in which they are obtained 
on analysis, it is impossible artificially 
to produce a concentrated, universal, 
and perfect manure which might entirely 
supersede home-made dnng.''§ It is 
quite possible that the fertile mind of 
Liebig or some other scientific explorer 
may devise some means whereby the 
farmer could economically dispense with 
farm-yard manure. At present, how- 
ever, the thing seems improbable ; for, 
whether we regard this manure as the 
cheapest source of nitrogen and phos- 
phates, or as superior to all artificial 
manures, by virtue of the beneficial 
mechanical effects it has on heavy soils, 
no other manure can bear comparison 
with it. It is, therefore, to be regretted 
that Baron Liebig should so misconceive 



% Principles of Agricultural Chemistry, p. 
90-91. 

§ Voelcker, Jour. Roy. Ag. Sou Eng., vol. 
17, p. 202. 
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the real position of British agriculture 
as to say that "the doctrine which 
inculcates, as necessary for the cultiva- 
tion of the land, the production of 
manures by green crops, and along with 
this the maintenance of a stock of cattle, 
is erroneous.*' In a scientific point oJT 
view, there is no connection between 
the production of corn and flesh ; but 
in the present state of British agricul- 
ture the one is partially dependant on 
the other. They do not, as Liebig 
supposes, " interfere with each other." 
On the contrary, the production of green 
crops, and the feeding of cattle with 
them, is the most correct, because the 
most certain and profitable, way of main- 
taining and increasing the productive- 
ness of the soil. The farmer who skil- 
fully grows, and judiciously feeds with 
green crops, and utilizes all the manure 
produced, can assure Baron Liebig that 
the " production of flesh" is not, as he 
believes, " carried on at the expense of 
grain." We know many farms on 
which, without any extension of the 
area under grain, the total quantity of 
it produced has been increased 50 per 
cent, since the adoption of the very 
system which is condemned by the 
greatest living chemist. He would 
confine the production of meat, milk, 
and cheese entirely to the grazier, who 
ought to meddle as little as possible 
with the growing of grain ; and the 
production of the latter would be 
restricted to a class of white crop far- 
mers, who, on the same principle, 
should meddle as little as possible with 
the feeding of cattle.* The adoption of 
this doctrine would end in disappoint- 
ment and national loss. Continuous 
white crop culture is impracticable, and 
even if practicable, in some cases its 
general adoption would be impolitic. 
And again, an exclusive system of 
grazing may be most profitable in some 
few spots, but the extension of that 

* Vide Letters on Modern Agriculture, p. 247. 



system would dimiuiBli national pros- 
perity. The wealth of Ireland is chiefly 
derived from her agricultural produce- 
meat and com ; and the maximum of 
both is obtained by the adoption of a 
mixed system of husbandry. It is, 
therefore, our interest to make the pro- 
duction of com dependant on green 
crops, cattle feeding, and farm-yard 
manure, and to judiciously supplement 
the latter with aiiificial manm-es. 

65. The collection and manufacture 
of home-made dung should, therefore, 
engage the most careful attention of 
the farmer. With a view to its pre- 
servation, he should understand the 
changes it undergoes in keeping, &c. 
An examination of the table of ana- 
lyses of fresh and well-rotted manure 
given in p. 73, enables us to understand 
the most important changes that take 
place during the putrefaction of dung. 
Like other organic bodies, farm-yard 
manure, in the presence of air and 
water, and with a certain degree of 
heat, undergoes chemical changes. Or- 
ganic substances rich in nitrogen, such 
as the urine and excrements of animals, 
rapidly decompose, " producing dis- 
agreeable smelling gases ;'|' wliile such 
bodies as straw, which contain but little 
nitrogen, decompose more slowly, and 
without disengaging any noxious smell.*^ 
It is well to know that though water 
is essential for putrefaction — and per- 
fectly dry organic matter remains un- 
altered for an indefinite period — yet an 
excess of water, by excluding air and 
preventing the elevation of temperatare^ 
I ■ I III I— ^^—i .«»— « 

t These arise principally from the sulphur 
and phosphorus of the uitro^enised compounds 
present in dung. A considerable portion of 
this sulphur and phosphorus combine with 
hydrogen, and form sulphuretted and phoa- 
phoreited hydrogen — two extremely noxious 
gases which escape from fermenting dung 
heaps. Another portion of the sulphur and 
phosphorus unites with atmospheric oxygen, 
and in the presence of porous substances be- 
comes changed into sulphuric and phosphoric 
acids — two non-volatile compounds, which 
are left behind. — Voeloker, 
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retards the putrefactive process. And 
so air, thongh equally essential as the 
water, is, in excess, unfavourable to the 
same process, and "is productive of 
new changes." In farm-yard manure 
it is quite easy to prevent its unlimited 
access by -compressing the heap; and, 
in point of fact, we can accelerate or 
retard the putrefaction of manure by 
varying the access of air* or the quantity 
of moisture. During the putrefaction 
of farm-yard manure both volatile gases 
and soluble organic compounds are 
formed. "Amongst the former, car- 
bonic acid and ammonia deserve espe- 
cial mention; amongst the latter, soluble 
humates and ulmates may be named. 
These ulmates and humates are dark 
brown colouredf compounds of humic 
and ulmic acid, with the alkalies, 
potash, soda, and ammonia.'* As the 
ulmic and humic acids are formed 
simultaneously with, and have a power- 
fol affinity for, ammonia, they fix 
and prevent the dissipation into the air 
of that fertilizing substance. But an 
elevated temperature destroys the union 
of ammonia with humic, ulmic, and 
similarly constituted acids. And a 
pungent smell escapes from the best 
regulated manure heap, which shows 
that all the ammonia is not fixed by 
the organic acids just described. It 



* " If we place a lighted taper in a bottle 
or other enclosed vessel, it burns for a short 
time, and then it gradually ceases, because 
the air has been deprived of that matter 
(oxygen^ which is capable of supporting 
combustion. In like manner, if we compress 
a manure heap so as to exclude fresh supplies 
of air, that portion which is within the heap 
will soon be exhausted, and then fermenta- 
tion will cease." — Trans. High. 8oc., October, 
1859, p. 91. 

t trimic and humic acid in a free state are 
scarcely soluble in water, and for this reason 
colour it onl^ slight brown. — Voekker. 

lliese bodies are formed only when there is 
a due supply of air and moisture. If from 
any circumstance there is a deficiency of 
moisture, carbonic acid is formed instead of 
humic and ulmic acids ; and in this case 
volatile carbonate of ammonia is formed and 
readily passes into the atmosphere. — Jbid, 



behoves us, then, to investigate still 
further the changes produced during 
the putrefaction of dung, and to ascer- 
tain if that process is not carried on at 
the expense of the constituents of the 
manure. 

66. The experiments of Dr. Voelcker 
throw much light on this point. On 
the 3rd of Nov., 1854, he carefully 
weighed out several lots of the fresh 
farm-yard manure, whose analysis is 
given in p. 73. One of these lotB 
(No. 1) was placed in a heap, against 
a stone wall, and left exposed to 
the air; another (No. 2) was made 
into a heap in a shed sheltered from 
rain ; and a third (No. 3) was spread 
out in an enclosed space to the same 
thickness that manure is found under 
cattle in open yards. The heaps were 
carefully weighed and analysed on 
April 30th and August 23rd, 1855. As 
heap No. 2 was excluded from rain, 
there could be no appreciable loss of 
mineral matter; and as the loss of 
organic matters which passed directly 
into the air must have been produced 
irrespective of the solvent action of 
rain, an examination of the weights 
and analyses of this heap at different 
periods enables us to see clearly the 
loss caused by putrefaction alone. 

Composition of entire heap No. 2, in lbs. 



Total weight of heap 

Amount of water in heap ... 
Do. of solid matter ... 

^Soluble organic matter ... 
t Insoluble do. 

* Containing nitrogtn 

Equal to ammonia ... 

t Containing niti-ogen 

Equal to anmionia ... 

Total nitrogen in heap ... 
Equal to ammonia 

The heap contained am-) 
monia in a free state ) 

Ammonia in foim of salts, \ 
easily decomposed byV 
quick lime ) 


Nov. 8, 
1854. 


AprilSO, 
1866. 


CO 


8258 


1618 


1297 


2166 
1102 


917-6 
696-4 


663-2 
733-8 


80-77 
83917 

435 

6-88 

1608 

19-63 


74-68 
410.24 

4*38 

6-38 

14-88 

17-46 


53-66 
337-32 

8-46 

4.20 

13-08 

16-88 


20*9.3 
25-40 


19-26 
22-79 


16-64 
2008 


1-10 
2*86 


•88 
1-62 


•19 
1-83 
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This table shows that with a loss of 
upwards of one-half its weight, the 
loss of nitrogen is very insignificant in 
comparison with the qnantitj assumed 
\)j other authors. " A heap of manure," 
says Mr. Edward Murphy, Professor of 
Agriculture, Queen's College, Cork, in 
a useful little manual,* " loses by fer- 
mentation, in the course of four months, 
two-thirds of its nitrogen" — a state- 
ment which must have caused unne- 
cessary anxiety, if not alarm, to all 
who believed it. Eveiy volume of 
vapour that escapes from a manure 
heap has been supposed to cany with 
it some elements of vital importance. 
And if on holding over the heap a piece 
of red litmus its colour changed to blue, 
it was regarded as an indication that 
the heap would soon be worthless. 
The litmus test proves the escape of 
ammonia ; but as the most minute 
trace of it is sufficient to change the 
colour of the litmus, thb test may give 
an exaggerated notion of the escape 
of ammonia. Dr. Voelcker's analyses 
show that a heap (No. 2) of manure 
weighing 3258 lbs. on 3rd Nov., 1854, 
had, on the 30th April, 1855, lost a 
quantity of nitrogen capable of pro- 
ducing 1*79 lb. of ammonia per ton. 
This is equivalent to a loss of 3*62 lbs. 
of ammonia on each ton of the manure, 
on 30th April, which is about the time 
of its application for gi'een crops. 
Valuing ammonia at 6d. per lb,, this 
gives a loss on that constituent alone 
of Is. 9^d. per ton. Notwithstanding 
this loss, which appears to us very 
considerable. Dr. Voelcker says, " the 
dissipation of organic matter is not at- 
tended with any great loss of ammonia." 
Did he reflect that a loss of Is. 9^. 
on every ton of manure gives a loss of 
£1 15s. lOd. on 20 tons, which is a 
usual dressing per acre ? 

67. In almost every page of Dr. 



Voelcker's elaborate paperf on farm- 
yard manure he states that the quan- 
tity of nitrogen which escapes into the 
air dming the putrefaction of farm-yard 
manure is so '^ inconsiderable'' and 
" trifling" that it may be overlooked. 
We have shown, from data furnished 
by himself, that the loss deseiTes the 
serious consideration of the fanner. 
But Dr. Voelcker does not rest satisfied 
with the mere publication of his ana- 
lyses. He recommends practices which 
to us appear at variance with his own 
investigations, and with the teachings 
of scientific and practical agricultur- 
ists. " It may, iudeed," obsei-ves this 
renowned professor of agiicultural 
chemistry, "be questioned whether it 
is more advisable to plough in the 
manure at once, or to let it lie for 
some time on the surface of the land, 
and to give the rain full opportunity to 
wash it into the soil. . . . I am 
much inclined to recommend, as a 
general rule, to cart the manure to the 
field, spread it over, and wait for a 
favourable opportunity to plough it in. 
In the case of clays, I have no hesi- 
tation to say the manure may be spread 
even six months before it is ploughed 
in, without losing any appreciable 
quantity of manuring matters. 
When no other choice is left but either 
to set up the manure in a heap in a 
corner of the field, or to spread it on 
the field, without ploughing it in 
directly, to adopt the latter plan."J 
If rain should fall and wash in the 
soluble constituents of the manure im- 
mediately after it*is spread, and if fresh 
showers should fall immediately after 
the formation of each fresh quantity of 
ammonia produced by the putrefaction 
of the manure so spread, we could well 
understand the soundness of Professor 
Voelcker's views. His recommenda- 
tion is based on two theories already 



* Agricul. Instructor. Dublin : M'Glashan t Jour. Roy. Ag. Soc. Eng., vol. 17. 
and Gill. p. 35. i Ibid, p. 257. 
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referred to — (1) that manure contained 
** a mere trace" of ammonia in a free 
state, or as ready formed ammoniacal 
salts easily dissipated ; (2) that during 
the fermentation of manure " the total 
amount of nitrogen scarcely suffered 
any diminution." We have disproved 
the latter theory, and the first is also 
objectionable. Fresh and well-rotted 
manure contained, per cent, and per 
ton, ammonia as follows : — 



Per centage. 
rotted. 



Freih. 



Ammonia ina free ) 
state j* 

Ammoiua in form^ 
of salts, easily' 
decomposed by C 
qvdek lime J 



•084 



-088 



'046 

•osr 



1-22 103 



Per ton. 

^"'''- rottwl. 
llw. Ibc 

•te 103 



1-97 1-27 



8-73 2-80 



How much of this ammonia would be 
dissipated if the manure was spread on 
the land, as Dr. Voelcker suggests? 
In the absence of rain, and in warm 
weather, all the free ammonia would 
escape. Now, the percentage of free 
ammonia in farm-yard manure is small ; 
but the amount in a usual application 
of it is worth presei-ving. Thus, in 
20 tons of fresh fann-yard manure we 
have 15 lbs. of free ammonia, which, 
at 6d. per lb., comes to 7s. 6d. The 
farmer would consider 7s. 6d. per acre 
a crushing tax -, and yet if he follows 
Dr. Voelckcr's advice his manure may 
suffer by the dissipation of free ammonia 
alone to that extent. The loss of 
nitrogen by the exposure of farm-yard 
manure is not confined to the free 
ammonia or the ready formed salts of 
ammonia. By the putrefaction of the 
.dung, more ammonia is formed, and 
some of it is dissipated, as has been 
clearly shown in the analyses of the 
entire heap No. 2 at different periods 
(p. 76). It seems to us extravagant 
folly to waste a substance for which we 
pay such an enormous price in Peruvian 
guano, and of which it has been esti- 
mated that 5 lbs. are competent to pro- 
duce a bushel of wheat on many soils ! 



68. The facts and principles brought 
under review point to a rational system 
of making farm-yard manure. The 
arrangement of the farm-yard and 
offices should be made subservient to 
its collection and preservation. A 
proper receptacle should be formed 
for the solid dung, and, if possible, 
on the north side of the farm-yard. 
It should also be on level ground ; 
for, if placed on sloping ground, there 
would be a great loss in the liquid, 
which would make its way down the 
slope ; and if placed in a hollow, it 
becomes too much diluted or saturated 
with rain water. In either of these 
extremes, too, there is a large expen- 
diture of unnecessary labour. It is 
not unusual to excavate the site of the 
manure heap a few inches, and to 
puddle the bottom with strong clay, 
or to pave it, using Roman cemeiit 
to fill up the interstices, which com- 
pletely prevents the descending of any 
liquid. The pit should be surrounded 
by a well made channel of paving 
stones, or tile pipes, &c., which should 
incline to a common point, where a 
liquid manure tank ought to be cofi- 
structed. It is recommended to slope 
the bottom of the pit, so as to permit 
the liquid to escape the more freely 
into the tank; but this appears quite 
unnecessary when the bottom of the 
channel is a few inches under the 
bottom of the manure pit ;* and more 



* "In some of the best (cultivated) agri- 
cultural districts on the continent the manure- 
stead is separated into two divisions by a tank, 
usually about four feet deep, and of breadth 
proportionate to the size of the heap. The 
sides and bottom of this reservoir are well 
puddled with clay and lined with masonry ; 
%m\ the more effectually to convey into it all 
the drippings from the manure, the sides of 
the heap are surrounded with apaved channel. 
At one extremity of the tank a strong wooden 
pump is fixed, by which the liquid can, at 
pleasure, be discharged over the manure, by 
means of a canvas hose, or wooden spouts, 
or pumped into casks to be conveyed to the 

iield To prevent any loss of space, 

the tank, when placed across the manure- 
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especially if small channels be made 
across the site of the manure heap, 
and communicating with the channel 
that surrounds it. These cross chan- 
nels should not be open, as the manure 
would fill them up. Tiiey are rendered 
unnecessary if a sufficient quantity 
of peat mould, or common earth, say 
to the depth of twelve inches, is placed 
underneath to absorb the liquid that 
percolates through the heap. When 
some provision is not made for absorb- 
ing or removing it, the liquid is apt to 
collect in too lai-ge quantity in the bot- 
tom of the heap, which prevents regu- 
lar fermentation. 

69. At the farm-yard there should 
be only one manure heap, to whicl^ 
the dung from the stables, byres, and 
piggeries should be transferred daily. 
There is a slovenly and wasteful prac- 
tice too prevalent among farmers, 
namely, allowing the manure to re- 
main in little heaps in front of the 
doors of the different houses, exposed 
to the air and rain, by which its fer- 
tilizing powers is soon diminished. 
These little heaps being of a conical 
or iiTCgular shape, there is too large a 
surface exposed ; and being without 
sufficient consolidation, putrefaction goes 
on too quickly, and the loss of ammonia 
is very rapid. Some idea of the loss 
that may result in this way can be 
foiTued from Dr. Voelcker's analyses 
of heap No. 3. As regards the loss 
of nitrogen, part of it escapes into 
the air, and part is carried off by rain 
water. By comparing the analyses of 
heaps 2 and 3 we can form a pretty 
accurate notion of the respective amounts 
of loss caused in these two ways. The 
loss from either source is considerable ; 
but when both causes combine, as in 
heap No. 3, it is very much increased. 

steadf may be covered with a dose wooden 

grating, and the dung piled upon it, by which 
leans the evaporation of the liquid will be 
prevented, and any escaping gases absorbed 
Dy the manure." — Hodgu^ Agrk, Chtnmtry^ 
p. 130. 



Composition of entire heap No. 8, in lbs. 



Total weight of heap 

Amount of water la do. . . 
„ of di-y matter 

* Soluble organic matter .. 
Soluble mineral matter 

t Insoluble or^mic matter. . 
Insoluble do. do. .. 

* Containing nitrogen 

Equal to ammonia . . 
\ Containing nitrogen 
Equal to ammonia 

Total nitrogen in manure . . 
Equal to ammonia 

JTotai ammonia in free state 
„ in form of) 
salts, easily decomposed V 
by quick lime ) 


Not. 8. 
1864. 


1= 


1" 


1653 


1429 


1018 


1093 
569 


1148 
286 6 


709-8 
802 7 


40-97 

26-43 

426-6T 

66-98 


16-65 
14.41 

16879 
90.76 


4*96 

6-47 

106 81 

184-46 


3 38 
8 98 
8 21 
7-64 


1-19 
1-44 
6-61 
T90 


•60 

-73 

3-64 

4-29 


9-49 
11-42 


7-ro 

8-34 
'14 
•63 


414 
6-02 

•18 

.55 


•65 
1-45 



In the four months from April to 
August, 1,429 lbs. of manure lost 4*32 
lbs. of ammonia, which is equivalent to 
6^77 lbs. per ton ; and this, at 6d. per 
lb., gives a loss of about 3s. 4^. per 
ton. All the dung and litter removed 
from the live stock should, therefore, 
be brought into one receptacle. Each 
night's dung should be evenly spread 
on the heap next day, and a layer of 
peat mould or earth occasionally used 
as the heap is forming, to prevent the 
escape of ammonia. Applications of 
the following substances have been 
recommended for the same purpose : — 
L Acid substances-^sulphuric acid 
and muriatic acid. 2. Sulphate of the 
protoxide of iron (commonly called 
green vitriol), gypsum or sulphate of 
lime, and common salt, have been re- 
commended as fixers of ammonia. Of 
these, green vitriol is the best. It is 
not so dangerous as the sulphuric acid, 
which has a powerful corrosive action. 
It also acts as a deodorizer of sulphu- 
retted hydrogen, which it completely ab- 
sorbs, and with which it forms insoluble 
black coloured sulphuret of iron. When 
sulphate of iron is added to a decom- 
posing manure heap, evolving volatile 
carbonate of ammonia, double decom- 
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position takes place ; the sulphnnc acid 
combines with the ammonia, forming 
sulphate of ammonia, and the carbonic 
acid forms with the iron of the green 
vitriol a carbonate. Gypsum does not 
act as a deodorizer ; nor does it fix the 
ammonia well, except in liquid manure, 
or when there is a sufficiency of mois- 
ture. ^' In manure heaps and stables, 
where the quantity of moisture is com- 
paratively small, gypsum will lose its 
effects as a fixer of ammonia ; and it is 
for this reason that we would confine 
its use, as a fixer of ammonia, to the 
liquid manure tank, where it can be 
applied with advantage" (Voelcker). 
Common salt has also been applied to 
dung heaps, under the false impression 
that it fixes the ammonia. It does not 
possess this power ; but from its anti- 
septic property, or power of arresting 
putrefaction, it prevents the formation 
of ammonia, and may be applied with 
great advantage to manure heaps 
already sufficiently decomposed. It is 
worthy of remark, that besides fixing 
the ammonia, these substances would 
subsequently perform other manurial 
functions in the soil. But it appears 
to us that the application of some of 
them is too costly, and that farm-yard 
manure can be exceedingly well made 
and saved without those. 

70. In the interior of large heaps 
the heat of the dung is often very 
great, and it is in this part of these 
that ammonia is given off largely. 
Fortunately, before it can escape into 
the air it has to pass through the ex- 
ternal and cold part of the manure, 
which, by acting the part of a me- 
chanical and chemical filter, with 
reference to ammonia, an*ests its 
escape more or less effectually. Care 
should, however, be taken that the 
temperature does not rise too high. 
The exact degree is ascertained by 
thrusting a few pieces of stick into it. 
«* When higher than 82^ F., it should 
be moderated by an application of liquid 



from the tank. Fermentation should 
not be allowed to proceed farther than 
when the straw commences to lose its 
consistence, at which period it is ad- 
mirably adapted to promote the growth 
of plants ; and when it is not convenient 
to remove the manure to the fields, 
some sulphuric acid, or other fixer of 
ammonia, should be added to the liquid 
before pumping it on the heap." There 
are several advantages in sprinkling 
liquid manure over the heap of solid 
dung occasionally, in addition to keep- 
ing down the temperature. First, Being 
a highly azotised substance, it induces 
the decay of the straw; secondly, it adds 
materially to the value of the manure ; 
and thirdly, it makes the heap more uni- 
foi*m in quality from top to bottom, by 
inducing the regular fermentation of the 
upper part in diy weather, which would 
not otherwise take place. There seems 
no such necessity for this practice in 
winter as in summer. The average 
temperature for the winter season is 
about 45° — a degree of heat at which 
there can be no active fermentation. 
It is only when, say in spring, the 
temperature rises to 65® that the de- 
struction of the fibre of the straw, &c., 
commences. Hence many agricultural 
authorities consider it quite unnecessary 
to cover the manure with earth, &c., 
in winter ; but the more prudent course 
in such cases is to err on the safe side. 
It is so well known among farmers that 
manure does not ferment in winter, 
that they say one load in summer is 
worth two loads in winter. 

71. There is no small difference of 
opinion among practical men on the 
making of farm-yard manure. One 
experienced land steward tells us that 
his success in prize-taking at root-shows 
for years lay in his superior manure. 
" One ton of mine," he says, " is worth 
two of the stuff they make elsewhere.** 
He explained to us his peculiar plan, 
which, from the importance of the sub-- 
ject, may be very briefly described, 
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THE Proprietors of the New Journal have spared neither eJk:pense nor trouble in 
making it a worthy representative of the Agricultural Literature of the country* 
They are happj^r in being able to state that their project has the warm approval o| 
many distin^ished patrons of Agriculture ; and the co-operation of some of the most 
eminent Agricultural writers, not only in Ireland, but also in the sister countries, has 
been secured. 

Each number contains original articles on Practical Agriculture, Horticulture, on 
the Breeding, Bearing, Curative Treatment of Stock, and on the various sciencies 
which aid the progress of Agricultural knowledge. There is also given a weekly 
resume of Sporting Intelligence, interesting to those who enjoy the pleasures of the 
chase, or are devoted to the gun and the rod. 

Accurate reports of all important Agricultural Meetings and Shows are given, and 
the various improvements effected in Agricultural Implements and Machinery are 
chronicled and critically noticed. 

The leading Corn and Cattle Markets in the United Kingdom are fully and correctly 
reported ; those of London and Liverpool on Friday (the day of Publication) will be 
found under the head of Latest Intelligence. 

Whilst The Weekly Agricultural Review^ as its name imports, is mainly devoted to 
the various branches of rural industry, yet articles bearing on questions of general 
social interest may be found in its pages. 

An interesting feature in the New Journal is its News Department, in which is given 
an ample and correct summary of the Week's News — Foreign and Domestic. . The 
Latest Intelligence by Telegraph is received at the Review Office immediately before 
publication. 

Whilst the pages of The Weekly Agricultural Review are open to fair and legitimate 
discussion and criticism, everything personal, or in which the general reader would 
not be likely to feel interested; is strictly excluded. 

The Review being read by persons of every shade of political and reli^ous opinion, 
the Proprietors wiU, under no circumstances, permit the insertion of articles having a 
political or polemical tendency ; neither will they insert those objectionable advertise* 
ments, which too often render otherwise interesting and instructive newspapers unfit 
for the family circle. 

Rate of Subscriptions to The Weekly AgricuUvral Review (payable in advance), and 
Stamped to go Free by Post:— Yeariy, £1 ; Half-yearly, 10s. ; Quarterly, 58. 

WEEKLY AGRICULTURAL REVIEW OFFICE, 

7, GREAT BRUNSWICK-STREET, DUBLIN. 

Just Published, Price Is., or Free by Post Is, 2d., 

THE IBISH RURAL ALMANAC, 

AND SPORTSMAN'S CALENDAR FOR 1860, 
By the Conductors of the Weekly Agricultural Review, * 

THE Rural Almanac comprises, in addition to the usual information to be found 
in Almanacs, detailed Farmers' and Gardeners* Calendars ; sketches ok Rceent 
Agricultural and Horticultural Progress } a List of New Plants, Flowers, and Fruits 
introduced during the Year; a Digest of English and Irish Racing Intelligence for 1859 ; 
How to Detect Adulterations in Guano ; Composition of Artificial Cattle Food ; a com- 
plete Postal and Parliamentary Directory ; a List of the Fairs of Ireland, speciaUy 
compiled and revised for this Publication, &c, &c., &c. 

Thb Irish Rural At^anac is a complete Almanac in every department, the infor- 
xnatioa being earefully compiled from the most recent and authentic sources. 

Published at the Weekly Agricultural Rmew Offiee, 7, Great Brunswick-street, 
Dublin, and may be had of all Booksellers. 
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LAWES' SUPERPHOSPHATE OF LIME OR BONE MANURE. 



THE demand for these Manures having steadily increased in Ireland, Mr. Lawes 
has opened an Office and Warehouse m Dublin for the convenience of purchasers, 
and Agents have been appointed in every town and district in the country, who will 
keep a stock constantly on hand. • 

Mr. Lawes has now manufactured and sold these manures for more than sixteen 
years, and they are in general use in every part of Great Britain. Their quality is 

gaaranteed by the position they hold, as well as by the Analyses of the most eminent 
hemists in England and Ireland. 

The experience of the best farmers in England, Scotland, and Ireland shows that to 
use Guano alone for root crops is a most expensive practice. It will be found that if 
one-half the quantity of Guano be employed, and about the same weight of Super- 
phosphate, drilled with the seed, as good a crop will be obtained, at, of course, a propor- 
tional less cost. 

BARLEY AND MANGOLD MANURES. 

. Mr. Lawes has also prepared a Barley and Mangold Manure, which the success of 
last season induces him to recommend. 

The Mineral Superphosphate is made entirely from minerals. The analysis by 
'Professor Way gave 26-31 per cent, soluble, and 10*69 insoluble phosphates. It does 
not, therefore, differ much in the proportion of soluble and insoluble phosphates 
from the more expensive manure. It must be remembered, however, that the latter 
contains organic matter and ammonia, and also, that the insoluble phosphate of the 
Bone Manure is of considerable valut, whilst that of the Mineral is worthless. The 
Mineral Manure is more easily prepared for the drill, because a superphosphate pro- 
' duced from bones is always more or lessadhesive, but the higher-priced manure is 
more economical to the farmer. 

All further particulars, together with Analyses, list of Agents throughout the coun- 
try, and instructions, written by Mr. Lawes, for the use of artificial manures to the 
different crops, may be had upon application, either personal or by letter, to Mr. Lawea* 
Agent in Dublin, 

MR. W. H. SMITH, 

LIFFEY BUILDINGS, 21, EDEN-QUAY j or to 

MESSRS. W. DRUMMOND AND SONS, SEEDSMEN, 

DAWSON-STREET, DUBLIN. 

Prices at the Dublin Warehouse, if paid cash when ordered, otherwise 5 per cent- 
will be added :— 

Lawes' Patent Superphosphate or Bone Manure ... £7 Os. per ton. 
„ Mineral Superphosphate of Lime ... ... 6 Os. „ 

„ Barley Manure ... .. ... ... 8 15s. „ 

„ Mangold Manure .. ... ... 8 15s. „ 

Genuine Peruvian Guano, guaranteed to be of the importation of Messrs. Gibbs and 
Co. Nitrate of Soda, &c., &c., at Market prices. 

NO CHABOE FOB BAGS. 

AGRICULTURAL IMPLEMENTS FOR IRELAND. 



RICHARD GARRETT & SONS, 

LEISTON WORKS, SAXMUNDHAM, SUFFOLK, 
Exporters of Machinery to all parts of the World, 

(ESTABLISHED A.D. 1778,) 

Bb« most respectfully to solicit the orders of Irish Agricultarists requiring Machines of 
the most approved construction and adapted to their mode of cultivation. It has been 
their constant study to carry into effect the numerous suggestions from their friends, and 
of their own experience, having for their object the better adaptation of the Improved 
Hachines of their manufacture to the requirements of the Irlsli Farmeri and the reaalt 
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TRIAL OF GARBETTS' 

Improved Thrasbing and Dressing Uachine) and Report as to the 

efficiency of tlieir Improved Portable Steam Engines. 
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VI ADVERTISEMENTS. 



Extract from the " Irish Farmers' Gazette," Augnst 20, 1859. 

** On Monday last and aneceeding days, a trial of Garretts' newly-patented combined 
Thrashing Machine took place at Fort Union, the farm of Mr. Christy, near Adare. 
Having seen and overhaaled this machine at Warwick, in the yard appropriated for 
naehinery in motion, and again at Dandalk, we were struck with the great simplicity 
and with some novelties introdneed in its constrnotion. Being anxioas to see how the 
aew principles introdneed tallied with the practical working of the machine, we paid a 
visit < to Mr. Christy's hospitable dwelling, to witness the practical tests to which the 
machine would be subjected. The machine has been described by the owners, in the Cata- 
lognes of the Warwick and Dundalk Shows, as being more compact than any of the 
usual machines, and containing less than half the number of bearings, spindles, pulleys, 
and driving belts required for the old forms of machines, and great economy in the motive 
^Oiren^ These points we found by inspection to be tolerably correct \ but whether the 
performanpe came up to the expectation, we were anxious to see put to a practical and 
eontinaoQs test. 

**The machine and engine, also Garrett's manufacture, arrived on Saturday at the 
Limerick Station i^om Liverpool. Two horses of Mr. Christy's were yoked to each, 
which brought the engine and., machine from Limerick to Foyt Union without being in 
the least distressel, and placed them in the proper position for work in a stubble field 
off thf road. Oq Monday the machine was put to work on a crop of black Tartary oats 
grown on low land (a reclaimed bog). The oats were standing in the stock, and were 
damp, and som# of it not well ripened. Notwithstanding, the machine thrashed and 
cleansed these fwts in the most perfect manner, delivering them into sacks, fit for market, 
at the rate of $H0 atone per hour. On Tuesday the machine was put to trash a very 
inferior crop of wheat, the straw long and damp, and the head indiiferent We had the 
eoals weighed and time taken, when it was ascertained that 6 stone of coals worked the 
machine 92 minutes, delivering in that time 166 stone of perfectly dressed marketable 
whea^ and 14 ftone of second class eoruv The wheat was thraahed as it stood in the 
Btook, was damp, and not in fit condition to test the merits of the machine. On 
Wednesday the trial was continued, and as it was considered, from the bad condition of 
the crop, that the weight of corn produced in a given time was not a fair test of the 
capabilities of the machine, it was resolved to work it again on wheat, and to weigh the 
atraw as delivered from the machine, this being thought, from the condition of the crop, 
the most correct criterion of the work performed. With a less consumption of fuel than 
the engine reguired on Tuesday, in consequence of the engine and machine being in 
better trim and baring no stoppages, the machine delivered 1*25 stones of clean wheat per 
hour, with no less than 376 stones of straw, which is three stone of straw to one stone of 
ooifi, atery great disproportion, which serves to show the very inferior yield of corn, 
and we have no doubt but that, with a better crop, the machine would turn out 10 barrels 
per honr. 

"Before the machine was set to work we examined it thoroughly, Mr. Garrett lending 
his.aid in opening all ihe compartments, so as to distinctly see all its parts. The dram 
is of wrought irop, and the beaters, or rather rubbersi very ing^euiously formed to efiect 
eziracting th$ grain without bruising or cutting it, and has a 7-inch bearing at both sides, 
which/gives \i a strength and stesdiness not to be had with the very short bearings usual 
in all thiB machines wo have yet seen, and each bearing has a lubricating box attached, 
which, when charged with oil in the morning, does not require a fresh supply of oil dur- 
ing the day, and are so covered and secured that no dust can get into the box. These 
bearingS) as well as all others in the construction of the machine, we were informed, 
were dase-hardened, and worked in anti-friction metal. 

" The following description, with reference to the above engraving, will convey some 
idea as to the new points of construction. The p^rincipal improvements being in the 
dressing and winnpwing machinery, where, instesd of employing two or more blowers for 
producing the blasts required for thoroughly dressing the corn, the proprietors, B. Gar- 
rett and Sons, introduced a new fan (marked A in the engraving), fixed on the drum 
ahaft, which l^rces a large volume of air thrpugh the trunks B 1 and B % The trunk B 
1 conducts a blast of air under the vibrating screen, where it is brought into contact 
with the chaff and corn ; here the first process, or rough dressing, is performed, the chaff 
being blown out on the opposite side of the machine ; the com is then carried up by the 
elevators in the usual way, and is again exposed to two separate and distinct blasts of air, 
aupplied through the trunk B 2, by which the process of completely dressing the com is 
accomplished; the strength or pressure of the several blasts is regulated at pleasure by 
means of the valves C 1, C 2, and C 3, fitted in the trunks Bl and B 2, and by the simple 
movement of these valves the necessary adjustment is effected f^r adapting the dressing 
apparatus to the various kinds and conditions of grain under operation. Lastly, the com 
is passed into an improved revolving screen, and the products are delivered into sacks in 
lioor distinct Bamples— viz., best corn, seconds com, tail corn, and seeds, the chaff being 
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delivered quite free from seeds of weeds. The separation of the fjoar famjpios if i^K^joV 
the most soi^Qtifio prinoipio*— ti^m th? spdoifio gravity of eachi ith« blast ^eibg so rega* 
lated as to balance each separate sample, by which samples of different tpecine grantj 
cannot come out at the same shoot. 

" We parUoalarly watched the working of the machine, made repeated examioatipnt of 
^e dressed com as it came down, and foond it, with very, little exGeptio]|, iOrea of amaU 
coin, and perfectly firee of the seeds of weeds, with the ezoeption of the seeds of thegaliiuii 
aparioa (goose grass, divers, or robin*ran-the*hedge), which no combined thrashing 
machine yet brought oat is able to do. The assertion on the part of Mr. Ganetilhatiha 
chaff was completely free of the seeds of weeds ataggered us not a little, and we atten* 
tively kept a close watch on this part of the operation, and must acknowledge that bo 
completely is the blast under the control of the attendant on the machine, that the chaflT 
can be delivered perfectly free from the seeds of weeds, which are delivered separately. 
This we are enabled to assert positively, as we examined the chaff repeatedly with a mag- 
nifying-glass ; and having fonnd some small light seeds of weeds amongst it, and report- 
ing the fact to Mr. Garrett, he so regulated the blast as to prevent its occurring, and thia 
we were obliged to acknowledge, though rather sceptical npon it. This in itself is a vast 
improvement, as. the chaff can be used with impunitv, either as a component in food or 
fo^ bedding, without sny fear of the seeds of weeds beipg mixed with it, which hithefto 
has been the case, and has served to multiply weeds, and introduce them into elean laid, 
by getting incorporated with the manure. 

" The machine being the principal attraction, we have felt it right to give onr obserra* 
tibns on it at some length; bat we must not let the engine pass without giving the ttm 
of Garrett and Sons the credit they so justly merit for the admirable manner in which< it 
is brought out, and constructed on the most improved principles, fitted with steam abd 
gauge cocks, safety valves, governors, and all other requisites. Both engine and machine 
are mounted on four strong wooden carriage wheels,, wrought iron axletrees, and are 
easily turned round and removed from place to place. Those at Mr. Christy's are of 
light draught, for two horses each, and the carriages are made of wrought iron throogh* 
out; in fact, as far as our examination went, which was tolerably minute, tbe JJCeseici^ 
Garrett. have spared no expense, and have done everything to render both machine and 
engine as durable as possible. . . , 

" The engine under notice was of eiz-faorse power, and more than perfectly eqaal. to 
the working of the machine." 

Copy of Letter received by B. Garrett and Sona from William Dnokett, Esq., to whom 
they sent one of their Improved Portable Steam Engines in Jnne, 1859:— 

** Hebsbs. Gabbxtt and Sons— The six-horse power Portable Steam Engine which yon 
made for me in Jnne last continues to work in a most superior manner. It has been in 
constant work for the last three months, turning a circular saw as large as thirty-six 
inches diameter, also thrashing, and has not been out of order once during that time* I 
shall certainly recommend your steam engines to any of my friends who are about to pur- 
chase one, as I consider them far superior, both in finish and workmanship, to Uiose of 
other makers— I remain, yours truly, 

" Ducketfs Grove, Carlpw, Ireland, " WILLIAM DUOKETT. 

September 13, 1859." 

These Machines have been but recently introduced, and are adapted for preparing all 
kinds of grain, quite fit for market, in a thoroughly efficient manner. The points in whioh 
these new machines more particularly excel may be stated as fi)llows :— 

1st Their compactness, being Ailly one-third leas in size and balk than the ordinary 
machinea hitherto in use for the same purpose. ^ 

2nd. The great reduction in the number of wearing parts. In these improved ma* 
ehities more than one-half the spindles, pulleys, bearings, and driving belts required fo^ 
Uie ordinary machines are dispensed with. 

3rd. The novel arrangement by which the dressing apparatus is instantly varied whilo 
the machine is at work, to suit all kinds and conditions of grain. 

. 4th. The very important saving in the cost of keeping the machine in working ordeTi 
consequent on the great reduction in the number of wearing parts. 

5th. These machines are made of 5, 6, 7, and 8 horse power, to suit small aa well as 
large farmers. 

The Price of the FiVe-horse Power is «68Su 
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The following Report of a trial of B. G. & Sons' Two-horse Thrashing Machine may 
be foond interesting :— 

At the Cork Agricultural Society's Meeting, September drd. 

(8f Cfork Daily Reporter, Sept. 14.^ 
The Prize of £5, for the best Two-horse Power Thrashing Machines. 
The following is a verbatim copy of the Judges' Beport : — 

Mb. CRAntKAN, — We, the undersigned judges, beg to lay before you our report of the 
trial of Two-horse Portable Thrashing Machines, held in the Park, on September 5th, 1857 
The following tabulated form shows at one glance the result of the competition :— 



Kame o'f Machine. 


Number of 

Sheaves 

Thrashed. 


Time of 
Thrashing. 


Woight of 
clean oats 
Thrashed. 


Weight of oat8 

Thrashed 

per minute. 


Bevolntiont 
per minute. 


Price of 
Machine. 






MIN. 


cwt. qr. lb. 


lbs. 




£ 


* Perrott'a Two-horse patent. . 


120 


16i 


2 6 


15 


4 i\ 


44 


t Bansome and Sima 


120 


Hi 


2 2 2 


m 


4 


43 


X Barretli Ezall, and Andrewes 


120 


8 


2 12 


81J 


8} 4 


42 


il Garrett's 


120 


11 


2 2 16 


27 


8 8} 


4115 


§ M'kenzie'g 


120 


11} 


2 27 


21i 


8i 


35 



BEHABK8. 

* Herses Tery much distressed ; straw a good deal broken ; first thrashing imperfectly 
done, although superior facilities for feeding. 

•f Oata well thrashed ; straw not broken] horses not distressed, and most excellent 
aaachine. 

I Oats indifferently thrashed ; straw not broken ; horses not distressed. 

II Oata remarkably well thrashed ; straw not broken ; horses a little distressed; a superior 
machine. 

§ Oata well thrashed ; straw not broken ; a capital machine for a small farmer, its 
cheapness being a great recommendation. 

We, therefore, award the prize of £5 to Garrett's Two-horse Portable Thrashing 
Machine, exhibited by Mr. M'Eenzie, of Camdeu-quay, Cork. 

Signed, 8. M. Husst, 

BoBEBT Biaas, 

^^^_^^___^^^__^^^ DatII) CuZfNIMGHAM. 

B. G. 6& Sons have contracted for a low through-rate on their machines, wearing 
parts, dec., to Dublin via Liverpool, by which all exorbitant charges and the chances of 
delay will be avoided, and full particulars of the occasional ,/ric deliveries at the different 
Irish ports will be supplied on application. 

*J^ Catalogues, Plans, Estimates, and Drawings, with full detailed particulars and 
prices of each Implement, will be supplied Aree, on application, by post or otherwise, at 
the Works, Leiston, near Saxmundham, Suffolk, and a^l orders promptly and carefully 
executed. 

Leiston Works, Saxmundham, Suffolk, March, 1860. 

NEW SEEDS— 1860. 

THE Subscribers respectfully invite the attention of Agriculturists to their stock of 
FABM SEEDS for the present season. All will be found of snperier quality, true 
io name, and at moderate prices. 

Their supply of GABDEN SEEDS has been selected with great care from the Stocks 
of Growers of the highest respectability in England and the Continent. 

The aasortment of Natural and Artifical Grasses, suited for permanent or alternate 
pasture, comprises Bed and White Clover, American Cow-grass, Timothy, Cocksfoot, 
Foxtail, Perennial and Italian Bye-grass, Fescues, &c., wbich will be sold mixed or sepa" 
rate. Prices sent on application. 

Importers of Peruvian Guano (Gibbs, Bright, and Co.). Sole Agents for Charles Nor- 
rington and Son's Superphosphate of Lime. 

THOMAS M'ELROY & CO., 

48, CAPBL-STREET, DUBLIN. 
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GRASS SEEDS 

FOR PERMANENT PASTURE AND MEADOW. 



THE Subscribers haying given their most careful attention to the laying down of 
lands, they are now prepared to supply the Seeds of those varieties of Natural 
Grasses which have been found most suitable for the soil and climate of Ireland, and 
which, in combination with American Cow-grass, Alsike, and White Clover, yield not 
only the greatest bulk of herbage, but the largest amount of milking and fattening 
properties. The selection recommended, with cost per acre, wiU be furnished on appli- 
cation. As the seeds do not ripen properly in Ireland, what we offer are chiefly im- 
ported from Germany, and are, therefore, perfectly pure and of fine quality, and may 
be had in separate sorts if required. 

Gentlemen ordering will please to state the nature of the land to be laid down, and 
the number of acres. 

Fbee Delivert. — ^All parcels of Seeds above £2 value (with the exception of grain 
and vetches) will be forwarded carriage free to any Railway Station in Ireland. 

@^ Priced Catalogues of Farm, Garden, and Flower Seeds to be had, free by post, 
on application. 

W. DRUMMOND AND SONS, 

68, DAWSON-STREET, DUBLIN. 

NOW OPEN, 

THE 

Provincial Agricultural Implement Depository, 

ATHT, JANUARY, 1860. 

ESTABLISHED under the Patronage of His Grace the Cuke of Leinster and the 
Biarquis of Kildare, for the purpose of facilitating the introdaction of the best 
Agricultural Machines, by sapplying them to the public direct at manufacturer's prices^ 
with the lowest possible rates of carriage added. 

To prevent the delays and expense consequent on the breakage or wear of machines 
of English manufacture, I beg to intimate that I will keep duplicates of the wearing 
parts of all the machines I sell, and competent mechanics for doing repairs. 

In addition to this, I will continue to hire out, to parties who do not choose to pur- 
chase for their own use, Steam Thrashing, Corn Drilling, and Reaping Machines. 

The following is a list of Standard Machines, all by the most eminent manufacturers 
in Britain, specimens of which will be kept for inspection in the large show-room ; and, 
from my favourable position with regard to railway and canal communication, can be 
transmitted to any part of Ireland immediately on receipt of orders, relieving the pur* 
chaser from the risks of sea carriage : — 



Steam Engines and Combined Thrashing 

Machines,) portable andffized. 
Thrashing Machines for horse power. 
Winnowing Machines. 
One-horse Gearing for chaffing, bruising, 

or churning. 
Corn-drilling Machines. 
Turnip Drills. 

Ploughs, swing and wheeled. 
Harrows, iron. 
Grubbers and Scarifiers. 
Boilers and Clodcrnsfaers. 
Portable Steaming Apparatus. 
Beapiog Machines. 
Grass Mowing Machines. 
And every other usefal implement supplied to order. Minute particulars respecting 
each article will be supplied on application. 

I respectfully solicit the support of the nobility, landed proprietors, and farmers of 
Ireland, and hope, by punctual attention to their commands, to merit their approbation 
and patronage. 

WILLIAM O'NEILL. 



Hay Tedders. 

Corn and Hay Bakes. 

Bick Stonds. 

Anthony's American Chums. 

Bradford's Washing, Wringing, and Bf ang- 
ling Machine. 

Steaming Apparatus for cooking food for 
cattle. 

Chaffing Machines. 

Turnip Sheers. 

Boot Pulpers. 

Oil -cake Crushers. 

Corn Crashers. 

Horse Hoes. 
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GENUINE A6EICULTURAL SEEDS. 

(CARRIAGE FREE.) 



DICKSON, HOGG, AND ROBERTSON, 

SEED GROWERS AND SEED MERCHANTS, 
22, MARY-STREET, DUBLIN, 

RESPEOTFUIiLT intimate that their Deacriptive Priced Catalogue pi igricQUnrili 
8ee4e i« published, and they will be happy to forward a copy to those who may not 
have already received it, on application. >. i 

D.y H., & -R. beg to remark that they have exercised tha most sorapnlons care in the 
selection of their various Agricaltnral Seeds, and as their immediate collection with old 
and well-rknown honaes, both in England and Scotland, givea them peculiar advantages 
in securing the choicest samplea which the English and Scotch markets produce yat 
vhieh they have not been slow to avail themselves), they feel assnred that their stock 
of Farm Seeds is such as cannot be surpassed by any house in Britain. An inspection 
of their samples is respectfully requested ; or parties at a distance wjU have samples for- 
warded by post on application, stating particalars as to kinds, &c., ioo. 

Agriculturists residing in the most distant parts of Ireland will be supplied with 
Genuine New^eeds, at very moderate prices. • 

^^ All Seeds above £2 value (Qrain, Potatoes, &c., excepted) delivered frea at any 
Bailway Station in Ireland^ 

IMPORTANT TO AGRICULTURISTS. 



ARTIFICIAL MANURES, Guaranteed FREE from ADULTERATION, and subject 
to Chemical Analysis. 

The only manure that has successfully competed against Gibbs' Peruvian Guano is 

PERRY'S VITRIOLIZED BONE MANURE, 
Prepared from Raw Cattle Bones and Blood, by a peculiar chemical procest^ different 
from that of any other Manure Manufacturer. 

PERRY'S SUPERPHOSPHATE OF LIME, manufectured on the best principle, 
from Bones and Phosphatic Guanos, is undoubtedly by far the Best and Chkapkst 
Superphosphate in the market 

PERRY'S NITROGENIZED BLOOD MANURE, for Wheat, OaU, and Barley, 
requires only a trial to establish its universal use, as the Bbst 'rop-DBBSsiMO for these 
crops. It is shipped in large quantities io England to Manare Manufactarers there, as 
the Cheapest Ammomuoal Imqbkjdiemt they can obtain for the preparation of Good 
Manubbs. 

PERRY'S CONCENTRATED URATE, for Rape, Cabbage, Mangel, or Carrots 
(especially on bog land) stands unequalled. 

PERRY'S Potato Manure, Grass Manure, Yitriolized Peruvian Guano, Ground Bones, 
Vitriol, Nitrate of Soda, &c., &c. 

Hr A Pamphlet, containing a frill description of the above valoable Manures, the 
Manufacture, Composition, and Analysis — Prices, Directions for Use, &a — together with 
the opinions of some of the most Scientific Agriculturists, an Almanac for 1860, and 
much useful Agricultural information, may be had free, from the Agenta for Pbkkt's 
Hanuras, in the different towns in Ireland, England, and Scotland ; or will be sent post 
free on application to 

JAMES • PERRY, 
Dnblin Chemical Manure Works, Dolphin's-bam-lane, Dublin. 

Crrr Office— 12, EDEN-QUAY. 

WHOLESALE AGENTS : 

North of Ireland— William Dobbin and Co., Belfast. 
South of Ireland — ^Leonard Dobbin and Co., Cork. 
North of England— William Slater, Carlisle. 
South of Scotland — William Murdook, Stranraer. 

Retail in nearly every town in Ireland, and most of the towns in the North of Eaglaiid 
and in Scotland. 
Dublin Chemioal Manors Worksi Ist Febrtiary, 1860, 



ADVEBTISEMEKTS. XI 




GARDEN AND FARM SEEDS. 

OUB EstabliBbment is always aapplied with the finest description of Aoricultttbal 
Sreds, on the most extensive scale, grown specially for ourselves, and selected with 
the greatest care. Also, Yegbtabls and Fi^wbb Sbeds. Priced Catalogues can be bad 
on application^ in which the requisite information will be found relating to their culture. 
Our Nurseries are at all times well stocked with Fruit Trees, Boses, Ornamental 
Shrubs. &c. 
Importers of true FEBUYIAN GUANO, direct from Messrs. Gibbs, Bright, & Co. 

FERGUS FARRELL & SON, 

119 and 120, GAPEL-STEEET, 
DUBLIN. 



liAWilS' SUPERPHOSPHATE OB BONE MANURE 

REDUCED IN PRICE. 



AGENTS : 

W. DRUMMOND AND SONS, 

d8, DAWSON-STBEET, DUBLIN. 



THE superior quality of Mr. Lawes* Manure having so much increased the demand, 
some difficulty has hitherto been experienced in obtaining a sufficient supply, 
particularly towards the end of the Turnip Sowing season ; it is, therefore, requested 
that orders be given as early as possible to prevent disappointment. 

Although the price has been considerably reduced this season, Mr. Lawes guarantees 
the <]^nality superior to any he has hitherto manufactured, and he is borne out in his 
opinion by an analysis made from the bulk by Professors Way and Yodcker. 

As a manure for Potatoes, Turnips, Mangel, and other Green Crops, as well as a top- 
dressing for Spring Wheat, Oats, and Barley, it can hardly be surpassed ; but being 
now so well known by Agriculturists, it is unnecessary to say anything in its favour. 

Price £7 7s. per Ton, with 7s. discount for Cash on delivery. No c^rge for Bags. 

RICHARDSON, BROTHERS, & CO., 

BELFAST, 
Chemical Manure Manufacturers and Oil Crushers. 

yITRIOLIZED BONE COMPOUND AND SUPERPHOSPHATE OF LIME, pre- 
pared especially for the growth of turnips, mangel, potatoes, and other green and 
eereal crops, will be found the best and most economical manure, leaving the soil much 
more permanently improved for succeeding crops than guano. 

GRASS MANURES, for top-dressing meadows and grass lands, has been used with 
great success, materially increasing the crops. 

FLAX MANURES. — The chemical components of this manure have our particular 
attention, and will be found to be very beneficial to the nutriment and growth of the 
plant. 

GROUND BONES.— Guaranteed pure and free from adulteration, and ground to any 
degree of fineness required. 

LINSEED CAKE AND LINSEED OIL.— We have procured a practical Agricultural 
Chemist (who has studied for many years under Drs. Voelcker and Johnston) to super- 
intend the manufiacture of the various artificial manures, being determined that the 
quality of the different descriptions shall be sucE as will enable us with confidence to re- 
commend them. 



" Without good maDnre it ia 



expect good crops." 



DIEECT FEOM 

MESSRS. GIBBS, BRIGHT, & CO., LIVERPOOL, 

SCPPLIED lo AgricnltariBta nnd Proprletora ofEatBtM (ni AgenU), for tbs me at 
tlicir TpQUDlrj, >1 the loaal rale of tbu d»y, fur Gaih. 



U of Jrebnil, i 



n the relative Tilae of tn 



ittedJj no; gincn bejond a rlnaU 
or the euiIeniDCe and fall ileielopment al planU 
fs yet known to th» worliL" 



A. PALMER, 

e, LEINSTEB-STREET, DUBLIN. 



LIPFEY AND DODDER CHEMICAL WORKS, 

R0C£RS01«'S-QtJAY. 




BONE SUPERPHOSPHATE .fT per Ton. 

SULPHTJBIC ACID(be.t) £8 per Ton. 

Do. Do. for Disaolving Bonea £6 pBt Ton. 

PBROTIAN ODANO, direct from Messrs. Qibbs, Brigbt & Co.. ,£14 per Ton. 

SALT 13b. to IBs. per Ton. 

The tbofe deliiered *t Bail or Boat, with 2i per cent oS for Caafa. 

PLOUGHS, CHAFF CUTTERS, TURNIP SLICEES, &c., &a. 

PAUL & VINCENT, 

BLACKUALL-PLACE, DUBLIN. 



ADVERTISEMENTS. 




HAYWOOD'S 

IMPROVED PORTABLE STEAM ENGINES, 

WITH VEETICAL CYLINDERS, AND IMPROVED 

FOBTABLE COMBINES TEEASHIN6 MACHINES, 

Of 3, 8, and 1 HORSE POWBB. 

Orwhtohhaialheinvsotor and first mtker, arstbe fint ersi made of th«n iliea tbit 
win thiuh, winnoT, and bag Uia ooni in dds opintioD. Thaj an now In eitenaiTe oh' 
and are iJTiiig th« highett MUahcUon. 



Uluiliated Catalogiua, iiriUi pricaa and tuUmoniali, aent bea on applieatioD to 

JAMES HAYWOOD, Jnnr., 

PHCENIX FOTJNDET AND ENGEfEEBIHG WORKS, 
DERBY. 




AflRICaLTURAL ESSAYS. 

Ho. I., Price 8d.— "SOILS." 
Br THOMAS BALDWIN. 

CONTENTS: 

CsAPm T. OsnerBl ConiidflrBtioiiB on Soils, II, Ths SeTenl Clutea of Soili 

III. C^^T^^'J.'- IV' ^'e'" ^oilB- V. Lo>m; and PeHj Sai)<. TI. Borne PbyaU*} and 
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/Vice I». 

HANDBOOK TO THE MODEL FABM, QIiASNEVIH, AHD OF 

A6RICULTUBAL EDUCATION IN IRELAND. 

BY THOMAS BALDWIN. 

Tbl« littls Talume Rlies ■ coodsa Dntlins of the roUliaas panned, Ihe cropicaltinted) 
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Dublin i H'CiLASHAJ) fc GILI« Uppsc BickTilla-atteet. 






FEANCIS RITCHIE * SONS, 

MANURE AND FELT MANUFACTURERS, 



IJ-J 



VITRIOLIZED BONE COMPOUND, 

£1 10s. per Ton. 

THE CHEAPEST AND BEST MANURE FOR 

BOOTS, GRAIN, AND GRASS. 



GRASS MANURE, 

£1 10s. per Ton. 

FOR TOP-DRESSma MEADOWS, PRODUCING AN ABUNDANT CROP, AND ENABLINO 
A CUmNQ TO BE MADE TEN TO FOURTEEN DAYS EARLIER THAN COULD 

BE WITHOUT THIS APPLICATION. 



ROOFING FELT, 

OiiLY ONE PENNY PEE SQUAEB FOOT. 
LIGHT. CHEAP, AND EAST OF APPLICATION. 



DRY HAIR FELT, INODOROUS FELT, 

ASPHALTE FLAGGING, FIRE LIGHTS, TAR, Etc, Etc. 



PB05PECTUS, WITH ANALTSIS AND PRICES, FHKE BT TOST. 
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